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SOME ASPECTS OF THE NETWORK ANALYSIS 
OF SEQUENCE TRANSDUCERS 


BY 
J. M. SIMON! 


SUMMARY 


An algebraic formulation is presented for use in the analysis of networks of the 
synchronous type of sequence transducer discussed by Mealy (1).2_ With the net- 
work analysis problem in mind, the operation of a sequence transducer is characterized 
by two matrices and the formulation is given for elementary cases of cascade, parallel, 
and feedback connections. This formulation involves matrix-type operations and 
derives the characterizing matrices for the over-all network from those of the com- 
ponent ‘sequence transducers. The formulations are intended to serve as a frame- 
work for the general network analysis problem. The analysis problem for feedback 
connections is also discussed. 


Xy T 
(s,) 


Fic. 1. Diagram of a sequence transducer. 
INTRODUCTION 


Consider the two-pole T in Fig. 1 wherein the input is a synchronous 
type of sequence with values ranging over a discrete alphabet. The 
value of the input during the rth interval of time will be designated by 
x, The operation of T is regarded as being described by the relations 
introduced by Mealy (1) for the synchronous type of sequence trans- 
ducer which, in the present notation, are: 


Ye = F(X» (1) 


= (2) 


1 Air Armament Division, Sperry Gyroscope Company, Division of Sperry Rand Cor- 
poration, Great Neck, N. Y. 
2 The boldface numbers in parentheses refer to the references appended to this paper. 


(Note—The Franklin Institute is not responsible for the stat ts and opinions advanced by contributors in 
the JouRNAL.) 
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In these relations, y, and s, are the values during the vth interval of 
time of the output and state of 7, respectively, and they also range 
over discrete alphabets. The alphabets of the input, output, and state 
of T are of lengths a, b, and c, respectively. There is an understood 
order for these alphabets so that to establish this order it will be con- 
venient to use for the alphabets the numerals 0,1,2,..., (ZL — 1); 
L =a, ore. 

In general, the alphabet lengths a, b, and c may not be finite and the 
point functions f and g may vary with » or may even be nondeterministic 
(random) functions, where f and g are characterized by the conditional 
probability distributions of y, and s,,:, respectively, given the values of 
x,and s,. However, in the present paper, a, 6, and c will all be regarded 
as being finite and the functions f and g as being time-invariant and 
deterministic. 

There are different possibilities for the physical nature of the 
quantities in Fig. 1. The input may or may not change from one value 
to another in negligible time. It may always have a “rest” value 
between symbols. Also, the time durations of the input, output, and 
state symbols may or may not precisely coincide. These questions 
must be considered in detail in physically realizing a sequence trans- 
ducer, but are not dealt with here, ideal adherence to the operation 
defined by Eqs. 1 and 2 being assumed. It is of interest to note that 
any sequence transducer whose operation can be defined by Eqs. 1 and 
2 is physically realizable by the method of Mealy (1). 


T2 


3 
(S3,) 


Fic. 2.—General network of sequence transducers. 


The general problem of network analysis can be described as follows. 
Consider the network T in Fig. 2 consisting of an interconnection of 
two or more sequence transducers. The objective is to derive the 
relations which describe the over-all operation of T through a simple 
algebraic formulation. The component transducers in Fig. 2 are seen 
in general to have multiple inputs, but by interpreting all combinations 
of inputs as different members of a single alphabet the component 
transducers can then be considered to have a single input as does the 


Y 
x 
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simple transducer depicted in Fig. 1 and defined by Eqs. 1 and 2. An 
important step in the problem is the selection of an appropriate algebraic 
formulation for the operation of the single sequence transducer, and this 
is considered first. 


REPRESENTATION OF OPERATION 


The functions f and g in Eqs. 1 and 2 that characterize a sequence 
transducer may be expressed in several ways, the most direct being 
simply a tabulation of the functions for each occurring combination of 
present input and state. This may be done by listing all the combina- 
tions in successive rows and giving the values of present output and new 


Sy Xy Yy | Syst 


Fic. 3. Tabulation defining M. 


state in each row. An example is given in Fig. 3 wherein sequence 
transducer M is defined. Another way of defining the operation of a 
sequence transducer is with an oriented graph such as that shown in 
Fig. 4 for transducer M. Here each state appears as a node. The 


0 (0) 


Fic. 4. Oriented graph for M. 


notation on any path depicts the input-output relationship with the 
input involved being in parenthesis, while the node to which the path 
leads depicts the new state and the path from which the path emanates 
the ‘“‘present’’ state. 

Vector and matrix forms of the tabulation in lig. 3 are introduced 
to meet the requirements for the algebraic formulations desired here. 
These are similar to those introduced by Huffman (2) for the asyn- 


; 

| 

10) 
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chronous type of sequence transducer. The output matrix is defined 
as the matrix whose entry in the ith row and jth column is the value of 
the present output as depicted by Eq. 1 for the ¢ and 7 values of the 
present state and input, respectively. The state matrix is defined as 
the matrix whose entry in the ith row and jth column is the new state 
as depicted by Eq. 2 for the 7 and j values of the present state and input, 
respectively. The output and state matrices will collectively be called 
the operation matrices. The operation matrices for transducer M 
defined in Fig. 3 are shown in Fig. 5, in which (M,) and (m,,1) are, 


Fic. 5. Operation matrices for sequence transducer M. 


respectively, the output and state matrices. Each row in the state 
matrix will be called the state vector for the corresponding state, each 


row in the output matrix will be called the output vector for the cor- 
responding state, and the output and state vectors for a given state will 
collectively be called the operation vectors for that state. To illustrate, 
the output and state vectors for state one of transducer M defined in 


Fig. 3 are, respectively : 


(M,);: = (1 0) (3) 
(my+41)1 = (0 1). (4) 


The operation vectors and matrices are introduced above for the 
network analysis problem, but they are also found to be quite useful 
for defining the operation of a single sequence transducer. They 
provide the desired suggestiveness of the switching operations and are 
very readily set down. They are found to have advantages over other 
means of characterization in investigating equivalent states, a subject 
discussed by Huffman (2) and Moore (3). 

The general network analysis problem can be stated in the following 
terms. Given: a two-pole consisting of an inter-connection of sequence 
transducers. Derive: the operation matrices of the two-pole from the 
operation matrices of the component transducers. This paper develops 
several techniques for the solution of some simple forms of this problem 
and suggests a method of approach for the case where there are feedback 


connections. 


CASCADED CONNECTIONS 


Let sequence transducers M and WN be cascaded as in Fig. 6, the 
vth state of M being m, and the vth state of N being m,. Let (M,) and 


(M,,) = (m 

10 
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(m,.1), respectively, be the output and state matrices of M, and (N,) 
and (n,,1), respectively, be those of VN. The objective is to determine 
output and state matrices, designated respectively as (z,) and (s,41), 
defining the transducer NM characterized by the total state s, = m,, n,. 
The alphabet of the output of M must evidently be contained in the 


alphabet of the input of NV. 


Xy M Yy N Zy Xy NM | Zy 
(my ny 


(my) (ny) | 


Fic. 6. Cascade connection of sequence transducers. 


For simplicity, the discussion will be supplemented with an illustra- 
tion where transducer M is that previously defined by the operation 
matrices in Fig. 5 and transducer N is defined by the operation matrices 
in Fig. 7. It is understood that the inputs to M to which the com- 


| 
Fic. 7. Operation matrices for sequence transducer N. 


ponents of its operation matrices refer are successive values of x and the 
inputs to N are the successive values of y. A direct procedure for 
deriving the desired operation vectors for the over-all network is not 
difficult to perceive. For example, consider the case where s, = 1, 2. 
If the input zero is applied the output of M (in state one) is one, and this 
becomes the input to N (in state two) giving an output of zero. At the 
same time, M switches to state zero and N to state one. Thus, the first 
component of the output vector for s, = 1, 2 is z, = 0, and the first 
component of the state vector is s,,; = 0, 1. By this process the out- 
put and state vectors for s, = 1, 2 are found to be: 


(2,)1,.2 = (0 0) (5) 
(Sp41)1,2 = (0,1 1,0). (6) 


There is economy in defining vector operations which give algebraic 
formulation to the cascading process, making it more methodical, and 
this will now be considered. An operation will first be defined which 
will be called the ordering operation and will be denoted by the symbol 
©. It is by definition an operation between two vectors: for example, 
a and 3, and it yields a vector; for example, c, the operation being de- 
picted byc =a ©b. If a = (ao and b = (bo di), then ¢ = 


> 
F 
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where ¢y = and = that is, cy is the aoth component of vector 3, 
etc. To illustrate, let a = (10) and b = (23). Then, 


c=a0b= (10) © (2 3) = (3 2). (7) 


The ordering operation is seen to yield a vector having the same number 
of components as the first vector but having entries taken from the 
second vector. A general definition which does not restrict the alphabet 
of a to the natural numbers is as follows: Given vectors a and b such 
that there is one component of 6 which corresponds to every value of 
the alphabet for the components of a, then c = a © 3 is defined by 
selecting for the ith component of c the value for that component of 5 
which corresponds to the value of the ith component of a, with ¢ taking 
on as many values as there are components ina. The ordering operation 
provides the essential mechanism for obtaining the output vector which 
may be expressed for state 1, 7 of the cascaded transducers as: 


(z,)5 = (M,); © (N,);. (8) 


That is, the output vector of cascaded transducers in a given over-all 
state s, = i,j is determined by the ordering operation between the out- 
put vector of M for the state 7 and the output vector of N for the state 7. 
To obtain (z,);,.in the above example by the ordering operation formula, 


Eq. 8 yields: 
(z,),2 = (M,): © (N,): = (10) © (00) = (00) (9) 


which agrees with the result in Eq. 5. This process can be repeated to 
obtain all (z,);;, ¢ = 0,1 and 7 = 0,1,2. To derive the over-all state 
matrix, a second operation called the adjacency operation will be 
defined between two vectors of the same length and denoted by a semi- 
colon between the two vectors. When the operation is between vectors 
a and 3, it yields a vector c, the operation being depicted by c = a; 0. 
If = (a) and b = b;) then the adjacency operation between 
a and 6 yields: 


c= (do a1) b;) = (do,bo @,0;). (10) 


That is, the first component of c is the ordered pair consisting of the 
first component of a and the same component of 6, etc. The over-all 
state vectors can now be obtained from the vector equation: 


= (M41); ((M,): © (441);). (11) 
Thus, for the state s, = 1,2 in the above example, 


= (0 1);((10) © = (0 1);(1 0) 


= (0,1 1,0) be 


7 
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which agrees with the result in Eq. 6. From the formulas in Eqs. 8 and 
11, the total operation matrices can be directly derived and the result 
is shown in Fig. 8 in which the order of the states is understood to be 
0,0, 0,1, 0,2, 1,0, 1,1, 1,2. 


rae 
oO 1 1,0 1,1 
| 1,2 

0.0 1,0 1,1 

(2,,) (Ss ) 
10 0,1 1,0 
0,2 1,1 

00 0,1 1,0 

J 


Fic. 8. Operation matrices for cascade network. 


It may be noted that if the highest numbered entry of (M,),; ever 
exceeded the number of components in either (N,); or (”,41); for any 7 
and j, then an undefined condition would result in the above vector 
formulas. That this cannot happen can be seen to be guaranteed by 
the requirement that the length of the input alphabet of N equals or 
exceeds the length of the output alphabet of M. 

The solution of the converse problem, that of decomposing a given 
transducer into two cascaded transducers, which presumably would be 
simpler ones, would be very useful in both the problems of synthesis and 
analysis. The sequence transducer, however, does not appear suited 
to straightforward decomposition operations. 


| 
| | 
| 
| 
N 
| | 
| | 


Fic. 9. Parallel connection of sequence transducers. 


PARALLEL CONNECTIONS 


Consider Fig. 9 in which sequence transducers M and N, in states 
m, and n,, respectively, are supplied with a common input. Their 
combined outputs form the input to sequence transducer 7. The 


f 

| 
H 
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objective is to derive the operation matrices for the total sequence 
transducer (shown dashed in Fig. 9) in terms of the total internal state 
depicted by m,, n,, t,. The output vectors (M,);, (N,);, and (7,):, and 
the state vectors (m,41);, and (t,41), are given for all 7,7,k. 
The output vector for the over-all network in the state 7,j,k will be 
depicted by (w,),,;,x and the state vector by (5,41). je 

The inputs to T are values of y,,z, and the alphabet of this joint 
input is understood to be ordered with y, and z, progressing through 
their respective values in some standard fashion. Thus, if the alphabets 
of both y, and z, are 0,1, then the alphabet of the joint quantity y,, z, 
can be considered to be ordered 0,0, 0,1, 1,0, 1,1. Consider where the 
over-all network is in its i,j,k state. Derive the vector (M,);;(N,);, the 
operation being the adjacency operation. Then the ordered pairs in 
this vector represent the present (joint) input to transducer 7. It is 
then apparent that: 


= © (13) 
= (Mgr) (t4r)e}- (14) 


As an example, let transducers M and N be those defined above 
and, for simplicity, let transducer T be the one-state sequence trans- 
ducer (‘‘combinational network’) defined by the output vector (7,) 
= (0001), the state matrix in this case being trivial. The state of 
the over-all network is designated by simply s, = m,,n,. Then, apply- 


1,0 1,1 
i,t 4,2 
1,0 1,1 
(Ss d= 

10,0 1,1 


1,2 


Fic. 10. Operation matrices for parallel network. 


ing Eqs. 13 and 14, the operation matrices are determined and the 
result shown in Fig. 10 where the order of the states is understood to be 
0,0, 0,1, 0,2, 1,0, 1,1, 1,2. 


FEEDBACK CONNECTIONS 


In the problems considered above the inter-connections did not 
include feedback paths. A final consideration in this paper will be for 
the elementary inter-connection that does contain such paths as illus- 
trated in Fig. 11. The analysis of feedback networks for sequence 
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transducers, including the determination of stability and the derivation 
of the over-all network operation matrices, when a stable solution exists, 
generally presents a difficult problem with practical circuits. A brief 
outline of a method of analysis is presented here for the sample network 
in Fig. 11. The solution is obtained by first determining the matrices 
of the simpler open loop connection resulting from breaking the connec- 
tion at point P in Fig. 11 and allowing external inputs u, to be applied 
along with inputs x,, The feedback quantity uw,’ is observed along with 
the transducers’ state transitions. From these open loop character- 
istics, it is then possible to consider the step by step switching that 
results when the loop is closed, facilitating the solution of the closed 
loop problem. 

Consider the open loop network described above. The determina- 
tion of feedback quantity wu,’ and the corresponding new state s,,1’ 
= M,41,N,+41 as functions of the total input x,, u, and of the present state 
s,’ = m,,n, is the problem in cascaded transducers. The solution of this 
simple cascading problem yields the operation vectors for each state. 


Uy 
LAV 
(ny) 
Uy 
M 
(m,, ) 
Vy 


Fic. 11. Feedback connection of sequence transducer. 


Let the order of the alphabet of joint input x,,u, be arranged for these 
vectors so that x, is initially fixed at one value which uw, varies through 
its separate alphabet. For any total state s,’ = m,,n,, the prime here 
being used for the open loop case, and a particular value of input x, a 
sub-vector will be in evidence corresponding to the successive values 
of u,. The feedback problem is dealt with by considering every one of 
these sub-vectors from the viewpoint of the possible step by step switch- 
ing operations when the loop is suddenly closed and the external source 
for input u, is simultaneously removed. 

In a particular problem, special attention must be given to the exact 
physical nature of the transducer in studying the step by step switching 
operations described. The lag noted in Fig. 11 was assumed in the 
above discussion so that the input to the transducer M in Fig. 11 could 
be regarded as being fixed long enough for the cascaded transducers M 
and JN to operate in a predictable manner. If at any time in Fig. 11 
u,’ does not equal u,, then if the loop is closed at P, u, will be changed 


: 
| 
‘4 


448 J. M. Stmon F. 1. 


to u,’ after only the delay caused by the lag network. The network is 
considered to be in stable operation when after only a reasonably small 
number of transitions a value of u,’ occurs equal to the value of u, which 
contributed to it. The duration of the input x, is regarded as sufficiently 
long for such switching to be completed. 

To illustrate the above procedure, let transducers M and N be 
defined as in Fig. 12 in which the order of the inputs to M is understood 


| 0 | | 
M = s 
( y) 0 (Ny) 


Fic. 12. Operation matrices for sequence transducers M and N. 


to be x,,u, = 0,0, 0,1, 1,0, 1,1. Assume for simplicity that M and N are 
such that the new state will always be determined only by the stable 
values of the previous state and the previous input, and the state will 
not change until x, changes. The open loop operation as described 
above is shown by the operation matrices in Fig. 13 in which the present 
input and states are also indicated to avoid confusion. Consider in 
Fig. 13 where s,’ = 0,0 and x, = 0. It is seen that if u, = 0, then 


Uy Uy 
Ky =O =0 Ky =I 


Sy Uy=0 | 
0,0 
1,0 


y=! Sy \ Up=0| uy=! | uy=l 
10), 0,0 | 0,0 1,1 


10 | | | 
1,1 | 1,0 | 
(uy') (Sp'+,) 


Fic. 13. Open loop operation of feedback network. 


| 
| 
1,1 6) 


u,’ = 1, while if u, = 1, vu,’ = 1. In the latter case, if the loop were 
closed, a stable condition occurs, whereas, in the former case, a tem- 
porarily unstable condition occurs in which, after a lag, u, changes from 
zero to unity where a stable condition occurs. Thus, for s,’ = 0,0 and 
x, = 0, stable closed loop operation results in which the feedback u, 
always arrives at the value u, = 1. It is apparent that for any com- 
bination of the input x, and the state s,’, if u,’ equals u, for one value 


| 


June, 1958.] NETWoRK ANALYSIS OF TRANSDUCERS 449 


and not for the other, a single stable condition will result for closed loop 
operation. Examples of such cases in addition to the above are where 
x, = 0 and s,’ = 0,1 and 1,0 and where x, = 1 and s,’ = 0,0 and 1,0 
and 1,1. 

Exceptional cases occur in Fig. 13 first for x, = lands,’ = 0,1 where 
u,’ never equals u,, and second for x, = 0 and s,’ = 1,1 where u,’ always 
equals u,. In the former case, if u, = 0, u,’ = 1 and after a lag u, will 
change to unity after which wu,’ will change to zero and u, will soon 
change back to zero, etc. This oscillation will occur for the entire 
duration of x,. The new total state would be 0,0 or 1,1 depending upon 
which case of u, is binding, and in this case the future operation will be 
considered as indeterminate when the combination of x, = 1 and 
s,’ = 0,l occurs. The other case, in which wu, equals u,’ for both values, 
evidently means that if the previous value of u, was unity, it will remain 
at unity, and if zero will remain at zero. These two stable conditions 
for the same value of x, are uniquely different situations and one must 
be represented by an added possible state for the over-all connection as 
will be considered. 

It is now possible to close the loop and to list the stable value of u,’ 
and the corresponding new state for each case of the input x, and the 
state s,’ except for the one unstable case. This is done in Fig. 14 where 


Xy Xy 

0,0 | 0,0 ¥, 
0,! (O-1) 0,I 0,0 (0,0-1,1') 
1,0 1,0 0,I 

i,t 1,0 it" 
Ts 0,! i" 

(u y) (s v+i ) 


Fic. 14. Closed loop feedback quantity and transitions. 


the derivation of entries from Fig. 13 are self-evident except for the 
phenomenon of new states 1,1’ and 1,1” and the entries for s, = 0,1 and 
x, = 1. The latter case is the oscillating case and this is depicted by 
indicating the entry which gives the two possibilities with parenthesis. 
States 1,1’ and 1,1’’ were added as a consequence of there being two 
different stable values of u,’ as was seen in Fig. 13 for its state 1,1 with 
input zero. State 1,1 is seen to be caused under conditions with u,_1 
at values of both zero and one. When w,_; = 1 the present system 
state is called s, = 1,1’ and, when u,_; = 0, the system state is called 
s, = 1,1”. Thus, whenever a transition from a stable condition to 
state 1,1 is indicated in the matrix (s,,,') in Fig. 13, then the state 


= 
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transition in the matrix (s,,1) in Fig. 14 is either 1,1’ or 1,1’ accordingly 
as the stable output u,’ corresponding to the occurrence of state 1,1 in 
Fig. 13 is one or zero. State 1,1’ will therefore only occur with u, 
initially at one and state 1,1’ with wu, initially at zero, so they are each 
stable and unambiguous. 


(0-1) 0,0 (,0-1,I') 

(y,) s | (sy4,)* 1,1 

1,0 


Fic. 15. Operation matrices for feedback network. 


The final result, namely the output matrix for the true output of the 
feedback network, (y,), is next obtained quite simply from Figs. 12 and 
14 and is given in Fig. 15. Here, the order of the states is understood 
to be 0,0, 0,1, 1,0, 1,1’, 1,1”. 
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PROPERTIES OF THE EXPONENTIAL DISTRIBUTION 
OF EXPONENTIAL POPULATIONS 


BY 
PAUL L. COPELAND! AND B. PEARSON DeLANY! 


ABSTRACT 


Properties of the negative exponential distribution of exponential populations 
are calculated as an illustration of the behavior of a population in which the average 
extension of life for the survivors increases as a function of the time. The equation 
specifying the distribution is 


dN/dt =— Ny f /] 
0 


and the t* moment about the origin is given by 

= (n!)2/k*. 
This population has a greater proportion of individuals of short life than a correspond- 
ing simple exponential; at intermediate times there are fewer observations, and for a 
time of ten or twenty average lives the number of survivors is orders of magnitude 
larger than for the simple exponential distribution. The properties of the population 
surviving at time T are computed using the K,, arising from Bessel’s functions of an 
imaginary argument. A striking property is that the survivors at time T have an 
expectation of life which is given by T + (1/k) + 7 '/*Ko(4kT)"/2/k!2K,(4kT)"2, 
which is greater by (7/k)'#Ko(4kT)'/2/K,(4kT)'? than the result obtained for the 
exponential. A distribution obtained in experimental work, which appears to be 
adequately represented by the postulated distribution, is compared with it. 


PART I—DEVELOPMENT OF STATISTICS FOR THE POPULATION 
AND FOR THE SURVIVORS 


Introduction 


In any simple exponential distribution each individual has a constant 
probability of transforming during each second until it disappears from 
the population. The individuals surviving at any time have the same 
probability of transforming as each individual in the population had 
originally. As measured from this time, their average added life which 
we call the expected extension of life, is the same as that of the entire 
population originally. The expectation of life for these individuals, 
therefore, is just the time that they have survived plus the average life 
in the exponential population from which they come. 

Although the expected extension of life for the individuals at any 
time in a simple exponential population is independent of the time, 
there are numerous illustrations in nature where the expected extension 
of life increases with the time. Whenever a population consists of two 
or more exponential distributions with different decay constants the 
expected extension of life increases with the time. This occurs because 
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of the rapid elimination from the population of those individuals having 
a short average life and the resulting increase in the proportion of 
individuals of long average life. In the theory of phosphorescence, for 
example, electron traps of different depths may be postulated (1).? 
Exponential decay is expected for the electrons in each set of traps 
separately. At a given temperature, however, the deeper traps have 
a much lower decay constant than the shallow traps. The total decay 
may thus be the sum of several simple exponentials. There is some 
evidence (2) that the exponential distribution of traps is not uncommon, 
and Burgess (3) has applied the statistics of the exponential distribution of 
exponential populations to analysis of the properties of semicon ductors. 

Some years ago one of the writers studied the decay of electrons 
trapped on the surface of a nickel grid (4). This decay changed so 
gradually over wide ranges that it could be interpreted as due to traps 
having a continuous distribution in depth. More recently in this 
laboratory we have engaged in statistical studies, under various condi- 
tions, of the distribution of times which a low pressure mercury arc 
persists after it has been established. In general with fixed ambient 
temperature and circuit conditions, the lives are exponentially dis- 
tributed ; so that if the logarithm of the number of tests in which the 
arc survives to a given time is plotted as a function of this time, a linear 
relationship is shown. The decay constant varies rapidly with the arc 
current and there is a marked dependence on whether or not the spot is 
anchored. We have obtained results in which the distribution of arc 
lives cannot be represented by a simple exponential. In some cases the 
expectation of life has increased unmistakably with a delay in the 
operation of the timing mechanism sufficient to eliminate numerous short 
lives. Not infrequently there have been circumstances such that after 
an arc had persisted to the average life, it was more likely than not to 
persist an additional time equal to the average life. The most reason- 
able interpretation of such experience is that we have inadvertently 
obtained conditions in which the decay constants in various tests were 
themselves distributed statistically. 

It is our purpose in this paper to analyze the properties of a distribu- 
tion in which individual species would show an exponential distribution, 
but in which species of short average life are relatively more abundant 
according to a simple negative exponential law. We assume that the 
decay of any individual removes it permanently from the distribution 
we are considering. Furthermore, for calculating the basic functions 
we shall assume that we deal with such extremely large numbers of 
individuals that statistical fluctuations are entirely negligible, and our 
decay law applying at all times is definite and exact. The expected 
statistical fluctuations in a finite sample are easily incorporated when 
we have need for them. 


2 The boldface numbers in parentheses refer to the references appended to this paper. 
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Moments of the Exponential Distribution of Exponential Populations 


Let / represent the average life of a given species with individual 
observed lives distributed exponentially. Then the decay of this species 
is given as a function of time by 


dN =— 


where F(/) is the number of individuals at ¢ = 0 having average life /. 
[The number of individuals of this species decaying in a long time, as 
determined by integration over ¢ from 0 to ~, is F(l).] In general F(/) 
can be chosen arbitrarily. It can, for example, be zero everywhere 
except at one definite value of / where it becomes equal to the number 
of individuals initially in the population. This choice gives rise to the 
simple exponential population. F(/) can, however, be some continuous 
function of J. For the purposes of this analysis we assume that it is 
a simple negative exponential function of / such that the number of 
individuals in the range d/ at / is Nokdle-*', where Ny» represents the 
total number of individuals of all species initially in the population. 
Thus for the individuals of all species 


dN/dt = — f ” (1) 


The fact that the constants have been chosen to normalize the dis- 
tribution is easily verified by the integration 


0 0 


which gives N = No. This means that in infinite time all of the in- 
dividuals existing at ¢ = 0 transform... If Eq. 1 is divided by No, the 
proportion of the population in d/ at / and in dt at ¢ is obtained. 

The various moments of this distribution about the origin are basic 
to the analysis of the properties of the population. The ** moment 


u,’ is given by 
(2) 


= [n!}?/k. 


This result, of course, compares with m!/k" for the simple exponential. 
It is seen that the higher moments for the exponential distribution of 
exponential populations increase much more rapidly than in the case 
of the simple exponential. The first moment about the origin gives the 
average life or the expected life for an individual selected at random 
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from the entire population. This is u:’ = 1 = 1/k, and it agrees exactly 
with that for the simple exponential, a result which is nBt accidental 
since the distribution function was chosen so that the average life would 
be 1/k just as for the simple exponential. The second moment, how- 
ever, is 4/k? as compared with 2/k? for the simple exponential. 

Having obtained the moments about the origin, and incidentally the 
mean of the distribution, we can determine the moments yu, about the 
mean from the general principles of mathematical statistics. 


, , a(n — 1) 


The Distribution of Survivors and its Various Moments 


This distribution presents some very interesting problems, the 
solutions of which involve integration over finite ranges. For a first 
example: what is the number or proportion of individuals surviving to 
a definite time? Fora second example, an individual of the population 
picked at random is observed for the time 7, during which it does not 
transform. What is the expected extension of life for this individual ? 
If T is set equal to zero, the previous analysis applies. If T is finite, 
however, the chance that the individual comes from a species of short 
life is reduced and the expected extension of life is increased above the 
value 1/k, which of course, would be obtained for any individual picked 
at any time from the survivors of a simple exponential population. 

Let p represent the proportion of the individuals surviving until the 


time 7. Then 
0 T 
(4) 


= 
0 


The behavior of the integrand is interesting. On account of the factor 
exp (— 77/l) it starts with a zero value. It is this decrease in the pro- 
portion of the survivors having short average lives that gives rise to the 
very great increase in the expectation of life for the survivors. The 
value of / at which the integrand attains a maximum value can be ob- 
tained by setting the derivative of the integrand equal to zero. Thus 
we obtain /,, = (T/k)'?, and at this value of /, the integrand has the 
value k exp (— 2VkT). At values of / very much smaller than (7/k)!/2, 
the integrand varies essentially as exp (— 7/1). At values much larger 
than (7/k)'/?, the integrand varies essentially as exp (— i). 


{ 
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Fortunately it is possible to evaluate the integral of Eq. 4 in terms 


of tabulated functions. ‘The form of the integrand suggests the use of 
Bessel’s functions of an imaginary argument. Let 


= en (kI+T/D 
0 


Then 
a = e~ /], 
k 0 
Let = 
T/k 
and di = e‘dtvT/k, 
so that 


k 


= coh td} 


0 
Now the functions K, are given by (5) 


f adk = 2K,(2VkT). 
k 


Differentiation with respect to k and multiplication by k gives 
p = 2NRT K,(2VkT). (7) 


Even though in the details of our analysis, small differences between 
relatively large quantities arise, tables (6) give K, to more places than 
we require for x = 0.1 to x = 10.0 in increments of 0.1 in x. The 
problem of determining the proportion of the original population sur- 
viving to the time 7 and other related statistics of the distribution is 
therefore in essence solved. 

The number of survivors in a sample of 1000 observations (neglecting 
the effect of statistical fluctuations) is indicated by the smooth curve 
drawn in Fig. 1. Here 3 + logis p is plotted on the y-axis as a function 
of T. Also in this same figure a straight line indicates the behavior of 
a simple exponential distribution of the same average life. It is seen 
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Fic. 1. Number of survivors as a function of time in the exponential 
distribution of exponential populations. 
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Fic. 2. Statistics of the exponential distribution of exponential populations. 
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that the exponential distribution of exponential populations gives nu- 
merous short observations. For this effect there is compensation in the 
fact that at times of several average lives, the number of survivors is 
distinctly larger than in the case of the simple exponential population, 
and that at times as great as ten average lives, the proportion surviving 
is orders of magnitude greater than for the simple exponential. It is to 
be noted that of the number surviving the proportion transforming in 
the time dT at T is given by the slope of the curve shown in Fig. 1. 
Differentiation of p gives 


dp 
2kKo(2VkT). (8) 


The ratio (dp/dT)/— k exp (— kT) called ‘‘comparative density”’ of 
observations is plotted on the logarithmic scale on the left-hand side of 
Fig. 2 as a function of time also represented on a logarithmic scale. 
The expectation of life for the survivors and the statistical fluctua- 
tion in the lives of the survivors are important properties which can be 
obtained from the moments about the origin. The techniques of cal- 
culation are those illustrated in the above development. For the first 
moment of the survivors at the time 7 about the origin we obtain 


[ar K,(2VRT) + TK.(2VkT)}. (9) 


The expectation of life for the survivors is 
L(k,T) = mi'/p 
1 1/2 
(10) 


This quantity is plotted on a logarithmic scale shown on the left-hand 
side of Fig. 2 against the time 7 as abscissas, also plotted on a log- 
arithmic scale to facilitate presentation of data over a wide range of 
variation. 

The statistical fluctuation in the lives of the individuals depends 
upon the second moment of the survivors. About the origin this mo- 
ment can be expressed in a variety of ways, and in terms of Ky and K, 
we obtain 


+ 4+ 4 ,(2VRT). (11) 


y 
: 

ue 

« 


458 P. L. CopeELanp B. P. DELany (J. F. 1. 


By a basic elementary theorem of moments, we obtain the second 


moment about the mean life of the survivors. Then (/ — 1)? = w2/p. 
The standard deviation in the lives of the survivors iso = (u2/p)'*. It 
is 42/p, called the fluctuation, which is plotted in Fig. 2. 


Further Properties of the Distribution of Survivors 

Aside from ~, the proportion of the population which survives to 
time 7 and the expectation of life for these survivors, (Eqs. 7 and 10), 
perhaps the most interesting property is the dependence on T of the 
quantity di//dT. It is found that 


dl(T,k) _ Ko(2VRT)[ Ko(2VRT) 
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-10 -8 -6 -4 
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Fic. 3. Representation of proportion surviving. 


Calculations from this equation indicate that the properties of the ex- 
ponential distribution of exponential populations are such that aging 
the population by the time AT always adds more than AT to the expec- 
tation of life for the individuals surviving at the end of the interval AT. 
The quantity shown in Eq. 12, which we call ‘effectiveness of aging,’ 
also has been plotted as a function of T in Fig. 2. When T is small d/ 
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can be several times dT. For example, taking 1/z as our unit of time 
(T’ = kT) and specifying that 7’ = 0.01, we find that dl/dT’ is 3.8, 
while at J’ = 25, dl/dT’ falls to 1.1. 

An interesting representation of the data results from the trans- 
formation y = exp(— kT). The range of TJ from zero to infinity 
corresponds to a variation of y from unity to zero. Thus the behavior 
of p as a function of T over the infinite range is compressed into the 
range of y from 0 to 1 as shown on the axis of abscissas in Fig. 3. The 
scale of ordinates is shown on the left-hand side of the figure. An 
effort has been made to increase the accuracy of the representation for 
small values of y by plotting the second curve marked ‘‘p X 10” ona 
scale for which both coordinates are multiplied by 10 before plotting the 
quantity. The chief limitation of this mode of representation is that 
the slope at the origin (not shown) is so large that » would appear to 
rise vertically as a function of y. In Fig. 3 also logio of dp/dy, called 
the slope, is plotted on the scale shown at the right-hand side of the 
figure against logiy y as abscissas shown at the top of the figure. It is 
seen that for a y of about 0.01, the slope dp/dy is about 1, and for y 
equal to about 10-” the slope dp/dy is about 10°. 


PART II—EXPERIMENTAL WORK AND COMPARISON OF PROPERTIES 
SHOWN BY THE DISTRIBUTIONS 


An experimental tube, for the purpose of obtaining the distribution 
of arc lives, was prepared by sealing tungsten electrodes as shown in 


Fic. 4. Experimental arc tube. 


Fig. 4 into a pyrex glass bulb. A piece of misch metal was placed in the 
tungsten filament. The tube was placed on a vacuum line consisting of 
a mercury vapor diffusion pump backed by a rotary mechanical pump. 
After evacuation of the bulb, and before mercury was added by dis- 
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tillation, the tungsten filament was heated to a temperature sufficient 
to vaporize some of the misch metal. This resulted in a film which was 
very largely cerium metal being deposited on the inside wall of the 
experimental tube. Mercury was then added by distillation until a 
suitable cathode pool was formed. An electric arc was set up within 
the tube and it was operated with an unusually large current for about 
an hour while still on the pumps. It was then sealed from the vacuum 
line and placed in an electric furnace. The furnace was raised to a 
fixed temperature for the making of observations. In order to secure 
durations of such length that they could readily be timed with a stop 
watch, the resistance in series with the arc was set at 2000 ohms and 
the current was set at 250 ma. To start the arc, a variac supplying the 
plate transformer of the rectifier-filter system providing the direct cur- 
rent for the tube was turned up until at a potential of about a thousand 
volts, a glow was established. The transition to the arc under existing 
circuit conditions was almost immediate, and when the cathode spot 
had been established, the current was higher than that desired. The 
variac was then turned down until 250 ma was indicated on a meter in 
series with the experimental tube. As soon as the desired current was 
obtained, the timing was started and it was not stopped until the arc 
went out. The process was repeated until one thousand observations, 
sufficient to establish the nature of the distribution with some certainty, 
were recorded. 

The arithmetical mean of all observations was obtained. Recorded 
lives were then classified according to the time of survival in intervals 
simply related to the average. The function log;, 1000 p was then 
plotted against the time expressed in multiples of the average life. The 
experimental points were placed on this graph as suggested by Fig. 1, 
and making allowances for expected statistical fluctuation in the sample 
of 1000 observations, it appeared that the general shape of the plot 
resulting from the experimental points was the same as that resulting 
from the calculations. It was found, however, that at low times the 
experimental points were slightly high. A reason for this was not 
difficult to discover. The calculated function and its negative slope 
are both high at zero time. An inspection of the experimental data, 
however, showed no entries for observed durations less than half a 
second. It is clear that due to the manual operation of the equipment 
there will be a discrimination against the observation of very short lives, 
and that observations corresponding to lives shorter than the reaction 
time of the observer will be eliminated from the set. The nature of the 
simple exponential distribution is such that the loss of a fraction of a 
second from an observation due to a delay in starting the timing is im- 
material, because the expected extension of life is the same as long as the 
arc is on whenever the timing is started. This condition does not apply 
here. It seems reasonable to assume that the effective size of our 
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sample should be increased by the number of observations that accord- 
ing to calculation should have fallen between zero time and 0.25 sec. 
A calculation based on Eq. 7 shows that this number is 22 observations. 
The calculated curve therefore should be increased by 2.2 per cent 
throughout its entire range. Although this is not shown in Fig. 1, the 
difference is carried in the calculations and tabulations. 

The result of statistical fluctuation should be incorporated into our 
calculations. Each point on the calculated curve for p gives the 
probability of observations longer than the designated time. When 
multiplied by N> it gives d, the average number of individuals falling into 
this classification in a large number of tests. The statistical fluctuation 
is given by 


(a, — G,)? = a,(1 — G,/N»). 


The square root of this is the standard deviation ¢. As an indication 
of the uncertainties due to statistical fluctuations, the standard devia- 
tion is added and subtracted from the result calculated on the basis of 
the infinite sample. 


TABLE I.—Comparison of Observed Number of Survivors 
with Calculated Number. 


Survivors 


Observed Calculated 


801 
750 
685 
653 
612 
532 
504 
450 
396 
366 
281 
140 
104 
82.4 


At small times the relative uncertainty arising from statistical 
fluctuation as shown by the standard deviation is small and it does not 
show clearly on a graph of reasonable scale. Table I is, therefore, 
included to indicate the degree of agreement between the observations 
and the calculations based on the exponential distribution of exponential 
populations. It is seen that the agreement is excellent. 

The detail concerning the individuals surviving to very long times 
is shown in Fig. 1. It is seen that with few brief exceptions, the number 


> 
T 
0.0889 808 12 
0.1270 749 13.5 
0.1799 677 14.5 | 
0.2116 642 15 3 
0.2540 608 16 
0.3598 534 16 
0.4232 485 16 
0.5100 433 16 | 
0.6348 388 15.5 
0.7217 361 15 
1.020 261 14 : 
2.040 125 10.5 ; 
2.540 102 9.5 
2.963 79 8.6 3 


P. L. CopeLanp ANpD B. P. DELAny [J. F. 1 


of observed survivors falls within one standard deviation of the cal- 
culated curve. 

Time intervals were chosen which divided the number of observa- 
tions into twelve approximately equal groups. For these times the 
expected numbers were obtained from calculations based on Eq. 7. The 
x? test was then applied to the differences between the calculated and 
observed numbers. The conclusion reached was that differences as 
great as those observed would be expected to arise from statistical 
fluctuations in one out of four such sets of data. 

The observations reported on the survival of arcs are believed to 
illustrate the exponential distribution of exponential populations. The 
importance of the distribution is emphasized by the fact that we have 
obtained repeated sets in which a similar excess of observations at very 
short and at very long times has appeared. The calculations which 
we have made will be useful in specifying the statistics of any population 
with properties lying anywhere in the range from the simple exponential 
to the exponential distribution of exponential populations. 


REFERENCES 


(1) J. T. RANDALL AnD H. F. Wikrns, Proc. Roy. Soc., (A), Vol. 187, p. 366 (1945). 

(2) A. Rose, RCA Review, Vol. 12, p. 362 (1951). 

(3) R. E. BurGEss, private communication. 

(4) P. L. CopeLanp, Phys. Rev., Vol. 57, p. 625 (1940). 

(5) H. Bareman, “Partial Differential Equations of Mathematical Physics,"’ New York, 
Dover Publications, 1944, p. 403. 

(6) British Association Math. Tables: Bessel Functions (Part IT). 


462 


THE CHARACTERISTICS OF AN ELECTROMAGNETIC 
WAVE REFLECTED FROM A MOVING OBJECT 


BY 
C. F. COLE, JR.' 


ABSTRACT 


A theoretical study is carried out to investigate the difference in the properties of 
an electromagnetic wave reflected from a fixed object and a moving object. Solutions 
of a wave equation in rectangular coordinates are used with different boundary condi- 
tions for the determination of the reflected wave characteristics. 

The variation in the values of angle of incidence and reflection with time, as an 
object moves, are shown to be related to Doppler frequency as well as the relative 
velocity. Expressions for an electromagnetic wave reflected from both the fixed and 
moving object are given. A relationship between relative velocity with respect to the 
source of incident wave and the reflected wave frequency and amplitude is described. 


INTRODUCTION 


It is well known that the characteristics of a plane wave may be 
determined by the application of boundary conditions to wave equa- 
tions. For an electromagnetic wave, Maxwell’s equations for a given 
coordinate system are used to establish the action of time changing 
electric and magnetic fields. The time variation of the fields and the 
boundary conditions establish the solutions to the wave equation. In 
this paper a solution of a wave equation will be sought which will estab- 
lish the properties of an electromagnetic wave reflected from a moving 
object. This reflected wave will be shown to decrease in amplitude as 
the moving object increases its relative velocity with respect to the 
source of the incident wave. Another characteristic of the reflected 
wave is that the wave shows frequency deviation from that of the inci- 
dent wave. This frequency deviation is the same as the Doppler fre- 
quency and varies with the relative velocity of the moving object. The 
reflected wave from the moving object possesses all of the properties of 
a phase modulated wave. 

An analysis of the way in which a wave is reflected from both a fixed 
and moving object is given below with the knowledge that many papers 
have been written on the subject of reflection or scattering of electro- 
magnetic waves from stationary bodies (1, 2).2 A great deal of this 
material has been devoted to the study of the scattering properties for 
various geometrical configurations (3,4). However, an analysis of 
scattering from moving objects has not received this much attention. 


1 Assistant Professor, Department of Electrical Engineering, Louisiana Polytechnic 
Institute, Ruston, La. 
2 The boldface numbers in parentheses refer to the references appended to this paper. 
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It has been known for many years that movement of an object in the 
path of an electromagnetic wave of the source will cause a Doppler 
effect to be detected by the observer of the electromagnetic radiation 
(5S). What is the difference between an electromagnetic wave reflected 
from a fixed object and the same wave relected from a moving object? 
The difference may be found in the solution of Maxwell’s wave equation 
for two different boundary conditions. The wave equation given be- 
low will be the basis for obtaining a solution. This wave equation is 
for a variable electric field intensity in a homogeneous isotropic medium. 


The equation is 
_10E H, = (1) 
In this equation, E is the electric field intensity vector in the plane of 
polarization, c is the velocity of light in free space, y is the coordinate 
along which the plane wave is traveling and ¢ is time. 

The solution of the above wave equation will be given for the condi- 
tions for a fixed object and for a moving object with a sine wave varia- 
tion is the electric field intensity. 


Fic. 1. A traveling wave. 


REFLECTION FROM A FIXED OBJECT 
For an incident wave, whose time variation of amplitude of the 
electric field intensity is sine wave function, the solution is 


- 


where : y is a point in space to which the wave has traveled in a time, t; 
w,/c is equal to 8 and is known as the phase constant; w; is the angular 
velocity of the traveling wave; and A; is the amplitude of the wave from 
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a source of incident radiation. The wave is assumed to be traveling 
to the right along the y-axis as shown in Fig. 1. 

If the wave expressed by Eq. 2 is reflected from a fixed object as shown 
in Fig. 2, then a new solution to Eq. 1 is necessary. This solution is 
found in almost any book dealing with wave propagation (6,7). The 
method of analysis in solving the equation will be a parallel to that of 
Jordan (8). Jordan’s work is carried out in vector form. 

Equation 2 may be rewritten in terms of a unit vector, N, and a 
radius vector, r. Here the distance given by the radius vector is the 
distance between the origin and the plane of constant phase. A vector 
form of Eq. 2 may be written which will show a vector wave front 
traveling in a direction normal to the plane of constant phase. The 
equation for the plane wave is given as 


N-r 
E, = ar ) (3) 


in which £, is the electric field intensity vector in the plane of polariza- 
tion, N is a unit vector normal to the plane of constant phase, r is a 
radius vector giving the distance to the plane of constant phase, and 
A; is the amplitude constant which will be maximum in value at the 
source of radiation. Again, c is the velocity of light in free space. 

If the dot product of the vector N and the vector r are expressed by 
their direction cosines directed along the rectangular coordinate axis, 
the equation for the incident wave is 

lx+my+nz 
E.(y, t) Ae (4) 


In this equation /, m, and n are direction cosines normal to the wave 
front. These are found from Fig. 2 in terms of the angle of incidence. 


a 
Fic. 2. A wave reflected from a fixed object. 
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The angle of incidence is assumed to equal the angle of reflection. The 
direction cosines are written as 


l=cos0;, m=-—sin0;, n=0 


which is for the incident wave going toward the fixed object. 1 is zero 
as there is no normal component of a wave traveling along the z-axis. 
So Eq. 4 now becomes 


‘i gp 2008 —y sin 
E.i(y, t) = Ae ( ) (5) 
The same steps may be taken for the reflected wave coming from the 
fixed object. The direction cosines along the coordinate axis are ro- 
tated by 180° to those of the incident wave. Listing the direction co- 
sines in order as to location on axis, these are 


=cos6,, m =cos(z/2 n =0. 


Substituting the direction cosines into Eq. 4, the equation for the re- 
flected wave becomes 


_ (x cos 6, +y sin 9,) ) 


E.,(y, t) = Ae” ( (6) 


A, is the amplitude of the reflected wave at the origin of reflection. 

If we take the sum of Eqs. 6 and 5, then we have the equation for a 
standing wave to the right along the y-axis due to the interference of the 
reflected wave. The solution of the wave Eq. 1 for a fixed object is then 


E.(y, t) = 2A cosh (jBx cos ei sin 6) 


6 = 0; = A = A;=A,, B= =, w; = 2nf,. (7) 


REFLECTION FROM A MOVING OBJECT 


When an object moves relative to a fixed source of radiation, there 
are two variables with respect to the source of radiation that vary as a 
function of time. These variables are the distance between the moving 
object and the fixed source of radiation and the angles of incidence and 
reflection. The first of these variables is known as radial velocity of 
the moving object, but the second variable is not defined except as a 
change in the angle of incidence and reflection with time. This second 
variable is proportional to the relative velocity of the moving object. 
Figure 3 shows the relationship of the moving object to the rate of 
change of the angle of incidence and the angle of reflection. 

An object, O, in Fig. 3 is moving along the y-axis at a given relative 
velocity, the angular velocity of the angle of incidence and the angle of 
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reflection becomes proportional to this relative velocity. In Fig. 3 the 
relative velocity of the moving object is given by 


Yi — Yo 


where: fp = the time for the object at the position O; yo is the position 
of the object on the y-axis at the time, fo; ¢; is the time for the object at 
position O’; y, is the position of the object at the time, ¢;. 


SOURCE 
Fic. 3. A wave reflected from a moving object. 


Again referring to Fig. 3, the angular velocity of the angle of incidence 


and reflection is 

91 — 

to (9) 
Here, wa is the angular velocity, #) is the angle of incidence and reflection 
at time ty and 6, is the angle of incidence and reflection at the time ¢,. 
If we take the derivative of Eqs. 8 and 9 with respect to times, then the 
angular acceleration is 


(10) 


and the relative acceleration becomes 


d*y 
dt 
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From Eq. 8 the distance along the y-axis is y = vet, and the value of the 
angle of incidence and reflection is found also from the relationship of 
Eq. 9 which is 6;, = wat. 6;, would therefore represent the fixed angle 
of incidence and reflection if the object were fixed. 

If the angular function, wat, is substituted for the fixed angles 6; and 
6, which will be equal to @;, as the angle of incidence and reflection are 
equal, then the direction cosines of vector dot product for the incident 
wave become 


= coswat, m; =— sinw,l, n; =0 


and for the direction cosine of the reflected wave from a moving object 
becomes 


l, = coSwat, m, = sinwasl, n, = 0. 


This indicates that the unit vector, N, of Fig. 2 is changing direction and 
therefore the position of the wave’s plane of constant phase is changing 
with time. The time rate of change of direction of the unit vector N, 
may be expressed by taking the derivatives of the respective direction 
cosines with time as the independent variable. The derivative of the 
direction cosines for the incident wave is given as 


= — wa sin wat, = — wa COS wal, = 0. (12) 


The same thing will hold true for the reflected wave whose angle of 
reflection is changing with a given angular velocity. The derivative 
for the direction cosine of the reflected wave is 


= — wa SIN War, = wa COS wal, (13) 


dt dt 


Rewriting Eqs. 5 and 6 in terms of these time changing direction 
cosines, the equation for the incident wave becomes 


_ wax sin wat —way cos wat ) 


E,,(y, t) = (14) 


and that for the reflected wave becomes 


_ (wax sin wat +way cos wat) ) 


B = = Qo; = 


(15) 
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Again, A; and A, are the amplitudes of the incident and reflected waves 
from the moving object. These amplitudes are assumed equal as the 
perfect reflector absorbs no energy from the incident wave. 

By taking the sum of Eqs. 14 and 15, the equation of the standing 
wave seen at the right of the moving object due to the incident and the 
reflected waves will be 


E.,(y, t) = 2A cosh (jwaBx sin wate (it cos wat), (16) 


In this equation, w, is not only the angular velocity of the changing 
angle of incidence and reflection, but it also represents the w,, angular 
velocity of the Doppler frequency due to the movement of the object. 
The angular velocity of the Doppler frequency is therefore proportional 
to the time rate of change of angle of incidence and reflection. The 
Doppler frequency generated by the moving object is 


fa = = Mwa. (17) 


Here, m is a constant of proportionality between these two angular 
velocities, and wg is the Doppler angular velocity. The equation of the 
standing wave in terms of the electric field polarized in the x-direction 
with the wave moving to the right down the y-axis with the terms includ- 
ing the Doppler angular velocity, wa, is given by 


the Wa (jeu by cos 
E.,(y, t) = 2A cosh ( Bx sin 5 e (18) 


; By cos 
m 


- t 
If we expand term, e 


, into a series of Bessel functions, the 


term becomes a new expression which is 
= J (ay) 2 (2447) cos 2 


Is ( Say) cosa +---) 2 (1. (Si) 
wat Wa Wa 
x J; ( “*ay) cos t- (19) 
Again representing another term associated with Eq. 19, the term being 


et = coswit + j sin wt (20) 


which will be multipled term by term of Eq. 19 giving the product of the 
exponential functions of time as 
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With the substitution of the proper trigonometric identities for the 
product of two trigonometric functions with different angles, we obtain 
the final equation of the standing wave along the y-axis to the right of 
the origin. This equation is therefore 


E,,(y, t) = (24 cosh G= Bx sin (* 


(4: (“ay)|sin (a + sin (os + | 

m m m 

J (“6y)|sin 3%) sin + 3% i|+---) 

IVS: cos | — + cos 

— Js ( [cos 3%) + cos (os +3 i|+---) 

Ay) 424) + 008 (we + 4% i) +---) 
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An examination of Eq. 22 indicates that the amplitude of the stand- 
ing wave will approach zero as the Doppler frequency (wa) increases 
without limit (9). Since the Doppler frequency is proportional to the 
relative velocity, it would be possible to have a standing wave of zero 
amplitude if the velocity of the moving object were great enough. The 
terms of Eq. 22 containing trigonometric functions shows that*the stand- 
ing wave outward from the surface of a moving object contains the 
Doppler frequency as a frequency deviation from the frequency of the 
incident wave. Equation 22 is therefore a representation of a phase 
modulated wave whose amplitude and frequency deviation are depend- 
dent upon the relative velocity of the object with respect to the source 
of the incident electromagnetic wave. 
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Gas-Turbine Engine for Ships.—A 
detailed description of the control sys- 
tem that has made aconverted Liberty 
ship ‘‘more maneuverable than any 
other ship of its size in existence’ was 
offered recently at a conference in 
Washington, D. C., sponsored by The 
American Society of Mechanical 
Engineers. 

The ship, the John Sergeant, is 
powered by gas turbine engines, in- 
stead of the conventional steam tur- 
bine used in most sea going vessels. 

According to F. H. Van Nest, 
Manager, Design Engineering Gas 
Turbine Department, General Electric 
Company, the low fuel consumption 
of the ship is “‘more than competitive 
with the best steamships in its power 
range, and the reduced annual operat- 
ing cost resulting from less engine 
room personnel makes this type in- 
stallation competitive even in the 
higher power ranges where the steam 
turbine driven vessel normally ex- 
cells." His paper was delivered be- 
fore the Third Annual Gas Turbine 
Conference and Exhibit at the Hotel 
Shoreham. 

Mr. Van Nest attributed the success 
and maneuverability to the combina- 
tion of the gas turbine with a rever- 
sible and controlled pitch propellor. 
Controlled pitch propellors, used on 
aircraft for some time, permit the 
angle of the blades to be changed, 
thereby increasing or decreasing 
“pull” or “‘push”’ developed. 

In his paper, Mr. Van Nest de- 
scribed some of the complex engineer- 
ing problems that had to be solved in 
order to guarantee safe, reliable op- 
eration of the gas turbine unit. 


Emergency Rescue Container.— 
“That others may live’’ will take on a 
literal meaning for supersonic jet 
pilots assigned to the search and 
rescue of downed airmen at sea or in 
inaccessible areas—both in tropic and 
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arctic zones. The motto is being 
associated with a new emergency 
rescue container developed by the Air 
Research and Development Com- 
mand. The container packs 450 lb. 
of survival equipment. 

Measuring 23 in. in diameter, the 
14-ft. long shell hooks onto the bomb 
rack of supersonic jet aircraft. Equip- 
ment within the container enables an 
airman to survive until actual rescue 
is effected. It is paradropped to those 
in distress. 

Each container is crammed with 
enough food and medical supplies to 
last one man 30 days. Both arctic 
and tropic gear are available. Stand- 
ard rescue equipment such as signal 
flares, bedding, clothing, matches, 
tools, a gun, knife and radio are stowed 
into the container. 

Dropping the container to downed 
airmen at sea or in areas not easily 
reached on land is as simple as jetti- 
soning a bomb. 

When a pilot approaches his mercy 
mission area, he merely triggers the 
bomb-release mechanism. The con- 
tainer falls free as an automatic timing 
device releases its nose cone. As the 
cone plummets to earth a parachute 
billows out and the rest of the con- 
tainer floats gently down toward 
survivors. 

For sea rescues, survival equipment 
is packed into a raft. The raft is 
automatically inflated in the air by a 
carbon dioxide bottle which is acti- 
vated when the container’s nose cone 
is released. 

Now undergoing final tests at 
ARDC’s Wright Air Development 
Center, Dayton, Ohio, the container 
was developed under Air Force con- 
tract with Beech Aircraft Corp., 
Wichita, Kansas. 

Howard F. Holton, of WADC’s 
Aeronautical Accessories Laboratory 
acted as project engineer for the emer- 
gency rescue container. 


THE NATURE OF THE PHOTOSENSITIVITY OF 
GEIGER COUNTERS * 


BY. 
H. O. ALBRECHT! AND C. E. MANDEVILLE! 


ABSTRACT 


Some aspects of the photosensitivity of the Geiger counter are discussed. Meth- 
ods for increasing response to ultraviolet and near ultraviolet photons are described. 
The photosensitivity is traced to formation of a surface film upon the inner wall 
of the cathode ; that is, a quasi-metallic alkyl coating is assumed to be formed. Rela- 
tively short wave radiation of sufficient energy to form free radicals in hydrogen and 
organic quenching gases is required to increase (‘‘activate’’) the sensitivity. 


I. INTRODUCTION 


GM counters were early used as sensitive photon detectors in search- 
ing for energetic ultraviolet radiation from chemical reactions, including 
those occurring in living cells (1).? 

Ultraviolet sensitive photon counters have more recently been em- 
ployed in studies of the photostimulated ultraviolet emission of excited 
phosphors (2, 3). These photon counters were especially convenient 
for this purpose because of their strongly selective response to the ultra- 
violet region (2700 A) and a low response to the photostimulating 
visible source. 

Experiments of an earlier date (4) had shown that increased ultra- 
violet sensitivities could be obtained by subjecting self-quenching 
counters to an electrical discharge while cooled in liquid nitrogen. Sub- 
sequently, it was observed by the present writers that the mere irradia- 
tion of the counter cathode with ultraviolet of wave length 2537 A could, 
with certain gas fillings, increase the photosensitivity. In this latter 
treatment, no potential difference was applied to the electrodes of the 
counter. It has also been noted that a d-c. corona discharge at room 
temperature will increase the photosensitivity of counters when the 
filling gases are not decomposed in the gross sense. This “‘activation’”’ 
or enhancement of photosensitivity by these means has varied consider- 
ably, from counter to counter, despite seemingly identical conditions of 
treatment and counter construction. 

An attempt to stabilize and increase the effects of such activating 
treatments was an objective of the present effort, as was the attainment 
of a clear understanding of the various curious effects. This investiga- 


* Assisted by the joint program of the Office of Naval Research and the U. S. Atomic 
Energy Commission. 

1 Physicist and Assistant Director, respectively, Bartol Research Foundation of The 
Franklin Institute, Swarthmore, Pa. 

? The boldface numbers in parentheses refer to the references appended to this paper. 
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tion inevitably involved the study of the counter discharge itself under 
various conditions of filling gas and cathode material. 

The construction of the counter as used for most comparisons is 
shown in Fig. 1. The essential features are an ultraviolet transmitting 
envelope of Corning 9741 glass, a metallic gauze cathode to admit light, 


CORNING #974) 
} UV-TRANSMITTING 
GLASS 


CATHODE 
16mm inside 
63mm long 


ANODE 
O76 mm Tungsten 


TUNGSTEN 


Fic. 1. Photon counter designed for rapid changes of the filling gas. 


and a ground joint connection to the filling system. The lubricant used 
was Apiezon N grease. The gauze cathodes of the counters were usually 
of copper, but platinum, brass, zinc, and ‘‘electrically conducting”’ glass 
were also employed, the latter cathode material being prepared by the 
Corning Glass Works as a conducting layer on the inside of Corning 9741 
glass. The anode was usually a tungsten wire of diameter 0.096 mm., 
though platinum and platinum clad tungsten were also used. Few if 
any of the aberrant phenomena observed could be ascribed to variations 
in material or condition of the anodes. 

Routine cleaning procedure for counters with copper cathodes 
commenced by introducing into the counter tube a mixture of 1 volume 
of 30 per cent hydrogen peroxide in nine volumes of glacial acetic acid. 


me 
\ 4 
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When the cathode surface was etched to brightness by formation of 
Cu(CH;COO),, it was rinsed repeatedly by addition of distilled water. 
A similar procedure was usually followed for all metals, not necessarily 
forming the acetate, to remove impurities. Occasionally, counters con- 
taining platinum and gold cathodes were cleaned by adding nitric acid, 
then hydrofluoric acid, and rinsing. Drying was accomplished by 
opening the tubulature at the bottom of the counter shown in Fig. 1, 
heating to 400° C., while passing hydrogen through the counter. After 
sealing off the tubulature, the counter was attached to the filling system 
and again heated to 400° C. in hydrogen. The use of hydrochloric and 
sulfuric acids was avoided at all times. 

It should perhaps be remarked that most photoactivated counters 
lost about half of their ultraviolet induced photosensitivities for ultra- 
violet and near visible radiation within 24 hours after activation. 


Ill. EXPERIMENTAL RESULTS 


Results, typical of the treatment of a counter, are shown in Fig. 2. 
The response of the counter to standard light sources is plotted after 


~~, 


Activetion 
"3 After 4hours 
V4 Activation 

Pumped off, filled O, 

Pumped off, filled 
2 


- 
an 


--" Pumped off, filied 
22 Activation 


Pumped off, filled Butane 24 


Activetion 25 
(ropié counting) 


COUNTS PER MINUTE 


10 1o* 10° 10° 10° 
Fic. 2. Response of copper gauze photon counter under various conditions of treatment. 
Successive operations are represented by constant lengths along the axis of ordinates. 
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Activetion 
~~ Pumped off, filled 

iT 

iS 

Q Q 

6 
wmped off, 400°, Z2hours, filled H, 

Activetion 
Ais 
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each phase of the operations. In the case of these particular data, the 
ultraviolet for activation was generated by a d-c. corona discharge at 
room temperature which was passed through the counter tube under 
conditions of normal polarity, that is, the wire of the counter was posi- 
tive, and the metallic gauze cylinder was negative. In the example 
under consideration, a copper counter was subjected to various treat- 
ments and fillings as indicated by the comments shown on the drawing of 
Fig. 2. The broken line gives response to 2537 A, and the unbroken 
one to a 75-watt incandescent tungsten lamp, both at fixed distances. 
The counting rates at the ends of each segment are those before and 
after each treatment. Thus, just before the fifteenth treatment, the 
response to light at 2537 A was 10° counts/min, and after the counter 
tube was pumped out and filled with oxygen, the counting rate was 
only about 2 X 10* counts/min. A detailed description of the effects 
of each step of the procedures of Fig. 2 is given below. 


1. Gain by corona treatment at room temperature starting from clean 

condition of cathode (hydrogen filling). 

. Large loss on refilling with hydrogen due to momentary access of 
air to cathode. 

. Usual gain with corona treatment and hydrogen filling. 

. Normal loss with pumping off and refilling with hydrogen. 

. Normal gain with corona treatment. 

. Partial loss by heating to circa 300°, about 1 minute, in hydrogen. 

. Abrupt loss of longer wave response by oxygen filling; less loss of 
short-wave response. 

. Loss, also, of short wave response by corona in oxygen, to level 
below presumed normal response of clean metal. 

. Repeat of oxygen filling, slight recovery of short-wave response. 

. Characteristic slight recovery of long-wave response by merely 
refilling with hydrogen. 

. Characteristic partial recovery by corona in hydrogen after full 
exposure to oxygen. Complete recovery of short wave response. 

. Stubbornly slow recovery by second corona treatment (chemical 
reduction in part ?). 

. Further recovery on standing. 

. Some further recovery with corona treatment. 

. Sharp drop with oxygen filling, confirming 7. 

. Moderate recovery with hydrogen as before (10). 

. Reduction of response to presumable normal levels for clean copper 
by long heating and evacuation before filling with hydrogen. 

. Normal recovery with corona treatment from low activity. Com- 
pare with 11. 

. Further maximum recovery with prolonged corona treatment. 

. Peak photosensitivity by merely filling with pure diethyl ether. 
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21. Drop to normal level by filling with hydrogen. Compare with 4. 

22. Abnormally high recovery with corona in hydrogen, following ether 
fillings. 

23. Abnormally slight loss, refilled with hydrogen. 

24. Gain with filling with pure butane, but less than with ether. 

25. Gain by rapid counting in butane, instead of corona treatment. 


A wide variety of counters (cathodes of gold, platinum, etc.) were 
subjected to a sequence of events much like those described in Fig. 2; 
the activating agent was also varied, being for some sequences a dis- 
charge at liquid nitrogen temperatures, for others, a discharge at room 
temperature, and for still others irradiation by an ozone bulb at 2537!A 
(potential removed from the electrodes of the counters during this last 
activation procedure). In all instances, the results were qualitatively 
the same as those depicted in Fig. 2. 


TABLE I. 
Response to incandescent Response to incandescent 
bulb before activation, bulb after activation, 
Description of counter counts/min. counts/min. 

Electrically conducting glass, ; 18 47,000 (after 25-min. 
pressure 60 mm. Hg, helium- exposure to UV) 
ether (5:1), operating voltage 
1000 

Gold cathode, pressure 300 mm. 8,700 52,000 (after 1-min. 
Hg, argon-hydrogen (9:1), op- exposure to UV) 
erating voltage 1310 

Copper cathode, pressure 60 13,000 500,000 (after 45- 
mm. Hg, argon-isobutane min. exposure to 
(5:1), operating voltage 920 UV) 

Copper cathode, pressure 60 227 500,000 (after 12- 
mm. Hg, argon-ether (5:1), min. exposure to 
operating voltage 925 UV) 

Copper cathode, pressure 59 10,400 620,000 (after 54- 
mm. Hg, argon-m (butyl al- min. exposure to 
cohol) (6.4:1), operating volt- UV) 
age 750 

Copper cathode, pressure 20 960 220,000 (after 14- 
mm. Hg, diethyl ether, operat- min. exposure to 
ing voltage 980. It will be UV) 


noted that this counter con- 
tained only a quenching gas. 
No inert gas was employed in 
addition. 
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In the course of these measurements, about 400 counter fillings 
were tested to study the effects of past history and for confirmatory 
purposes. Among these were 46 different combinations of gases and 
four frequently used cathode materials. Pressures varied from about 
20 mm. Hg for counters filled with a quenching gas only to 60-100 
mm. Hg for common mixtures and nearly one atmosphere for counters 
filled only with a noble gas. Operating voltages were in the range of 
500 to 2000 volts, frequently lying between 800 and 1300 volts. About 
fifty counters of distinctly different behavior (pulse shape, plateau 
length, photosensitivity, etc.) were tested. 

Table I gives results indicating a sharp change in photosensitivity 
after irradiation with light at 2537 A from an ozone bulb. 

The experimental data which have been cited in this section will be 
interpreted in the text to follow. 


ll. THE PHOTOSENSITIVE FILM 


A. Evidence for the Presence of a Surface Film 


In considering indications of the presence of a surface layer, it 
should be first pointed out that the gas fillings are not themselves the 
source of the photosensitivity. In most instances the incident wave 
lengths were less than 2537 A (4.85 eV); in fact, the data of 
Table I concern response to wave lengths greater than 3000 A. These 


frequencies correspond to far less energy than are the ionization po- 
tentials of such elements as H, He, C, O, and A. Thus, it is logical to 
conclude that the photosensitivity under study resides at the metallic 
surface of the cathode where the work function is at most a few electron 
volts. 

A series of observed facts are consistent with the assumption that 
the photosensitivity lies in the surface layer: 


1. After activation of a filled counter by ultraviolet illumination 
and subsequent removal of the filling, prolonged pumping (over a period 
of hours) was found to reduce the photosensitivity by a factor of ten. 
A pumping time of five minutes reduces the photoelectric response by a 
factor of about two. 

2. With continued activation, the maximum of photoelectric re- 
sponse is observed to shift toward longer wave lengths. 

3. Counters containing only inert gases and the very cleanest 
metallic cathodes never provided a response rivalling that of counters 
containing in addition hydrogen or an organic quenching gas. 

4. Heating of filled photoactivated counters resulted in a loss of 
sensitivity, suggesting that an adsorbed surface layer might have been 
driven off. The temperature of heating was maintained below that re- 
quired for decomposition of the gases involved. 
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5. Films are also formed on the cathode when gases which are 
definitely unfavorable for photosensitivity are used (oxygen, and some 
oxygen, sulfur and halogen-containing compounds). Irradiation with 
ultraviolet or corona treatment likewise speeds the formation of these 
films, and the sensitivity, even to 2537 A, may fall to practically zero. 
The greater chemical reactivity of such gases under the conditions of 
ultraviolet exposure or corona is a ready explanation of this effect. 
When a counter thus ‘‘deactivated”’ is refilled with a gas favorable for 
photosensitivity, more ‘‘activation’”’ than normal is required to regain 
a given photosensitivity. Indeed, in the extreme case it may not be 
possible to attain any sensitivity without a thorough cleaning of the 
cathode. 


B. Formation of the Surface Film 


The dissociation energies of the compounds of the various gas fillings 
employed in these investigations are less than the energy of photons 
at 2537 A. Thus, active radicals, groups of atoms having a net un- 
satisfied valence, can be liberated by the activating ultraviolet to form 
a deposition upon the inner wall of the cathode of the counter (5). It 
is entirely possible that these radicals may form a quasi-stable com- 
pound with atoms of copper, say, at the surface of the cathode so that a 
film of reduced work function results. As an example of this type of 
behavior, the attachment of a methyl radical to copper might be con- 
sidered. An equilibrium condition of the metal-alkyl compound could 
result. Thus, 


H H 9 
Cu:C:Hw2Cu® |:.C.:H 
H H 
co-valent form ionic form 


In its ionic form, the electronic binding energy is probably reduced so 
that any response to long wave light isincreased. An electron is released 
according to the following diagram. 


H )e H 
+ 
H H 


This electron produces a count, and the positively charged radical is 
neutralized on the cathode to reform the cuprous-alkyl film. A posi- 
tively charged alkyl radical is plausibly more stable than a negative one, 
an additional reason for assuming this cyclic process to yield a lower 


a 

gs 
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work function than copper. Of course, dissociation can also occur into 
saturated and unsaturated compounds having ne affinity for metals. 
For example, C,H.» can dissociate into C,H, (saturated) and C,H, (un- 
saturated). 


IV. DISCUSSION 


The foregoing observations are consistent with effects long observed 
in photon counters. For example, with continued use, it has always 
been noted that counters filled with hydrogen or containing organic 
quench gases show a steadily increasing photosensitivity to near ultra- 
violet radiation. These experiments concerning ultraviolet ‘‘activa- 
tion’ of photosensitive surfaces suggest that the short wave radiation 
in the counter discharge itself leads to the formation of a surface film. 

Spurious counts in Geiger counters are usually assigned to any one 
of several causes (6) such as: 


1. De-excitation of metastable states of atoms excited in the gaseous 
discharge ; 

2. Electron attachment in the discharge to form heavy negative 
ions and the subsequent release of the electron to imitate another count ; 
and 

3. Release of electrons from the cathode during positive ion bom- 
bardment. 


Two additional sources of spurious counts are developed by the 
ultraviolet activation process : 


4. Static charges may be generated by ultraviolet irradiation, and 
ions therefrom may at times be released into the counting volume; and 
5. “After-emission”’ from the photosensitive film. 


Spurious counts may also develop from the structural features of 
photon counters. For example, if the openings in the gauze cathode of 
the counter of Fig. 1 are too large, positive ions may collect upon the 
inner glass wall to be subsequently attracted by the cathode, yielding 
erratic counter operation. 

With regard to “‘after-emission’’ Seeger (7) and others have sug- 
gested that electrons might be trapped in surface films in a manner 
analogous to electron storage in phosphors. Thermal release could then 
give rise to spurious counts. During the course of the present in- 
vestigations, very high spurious counting rates were often noted im- 
mediately following activation. This effect decays with time, as the 
shallow traps are emptied. 

The studies cited in this paper suggest several possible uses for the 
Geiger counter, one being that it might serve as a sensitive device for 
investigations of the physics of surfaces. These data also suggest the 
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possibility of developing an ultrasensitive photon detector by exposing 
a counter to intense pulses of activating ultraviolet with voltage re- 
moved from the electrodes of the counter. Between these activating 
pulses, the potential could be restored and the sensitized counter ir- 
radiated by any photons which it might be desired to detect. 

It is apparent that a Geiger counter arrangement might also be used 
to detect formation of small quantities of free radicals which have been 
formed by exposure to radiation. 
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Radioactive Waste Recovery.— Vast 
quantities of chemical waste contain- 
ing radioactive cesium stored at the 
Atomic Energy Commission’s Han- 
ford plant near Richland, Wash., may 
some day provide for the industrial- 
scale irradiation of foods, drugs, plas- 
tics, rubber, chemicals and other 
materials. 

Burton F. Judson of General Elec- 
tric Company’s Chemical Processing 
department at the Hanford plant re- 
ported on efforts to recover radio- 
active cesium at the 1958 Nuclear Con- 
gress. General Electric has under- 
taken studies of the possibility of use 
of the cesium at the request of the 
AEC. 

The studies now underway at Han- 
ford are aimed at estimating the 
potential market for fission products 
as industrial irradiation sources and 
developing the technology that will 
permit the efficient recovery of cesium 
from separations plant waste solu- 
tions, Judson said. 

Should a strong demand be foreseen 
for the immediate future, an instal- 
lation capable of producing large 
amounts of cesium-137 could be ac- 
complished by converting existing but 
unused facilities at a capital cost of 
about $1,500,000. 

At the present time the AEC is 
marketing cesium at $10 per curie, the 
radiation equivalent of one gram of 
radium. Judson foresees a substan- 
tial reduction in the cost of this radio- 
isotope if the large-scale plant is put 
into operation. 


Automatic Post Office.—Details of 
the world’s first automated post office 
were made public for the first time in 
this country at the IRE Convention. 
The presentation, made by Dr. Mau- 
rice Levy, Technical Advisor to the 
Canadian Post Office, and his associ- 
ates, covered an automated postal 
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system now being tested in actual 
operation in Ottawa, Canada. 

It is expected that the system will 
do much to reduce the time and cost 
of handling large volumes of mail by 
using electronicsorters. Present hand 
sorting methods are rapidly becoming 
impractical because mail volume is in- 
creasing faster than population growth. 

The first step in the system is to 
separate the mail to be automated 
from the remainder of the mail. This 
is accomplished by utilizing stamps 
impregnated with fluorescent material. 
Letters so stamped are sent to an elec- 
tronic printer, by which an operator 
codes the back of each envelope with 
a special code giving address informa- 
tion. Fluorescent ink is used for the 
printed code. 

From this point on, the coded mail 
is sorted automatically on a conveyor 
system controlled by an electronic 
computer. The envelopes are routed 
to high speed electronic sorters, which 
sense the coded information and con- 
vey the letters to the proper mail 
containers. 

Once letters reach local delivery 
areas the familiar mailman takes over. 

Dr. Levy estimated that automa- 
tion equipment of this kind for large 
cities would probably cost in the 
neighborhood of half a million dollars. 
The system is by far the simplest so 
far devised, and is suitable for cities 
with populations of 100,000 or more. 

Special attention given to coding 
techniques and error checking devices 
has reduced the possibilities of errors 
to a point where less than one letter 
out of 10,000 will be misrouted. 

Codes have been chosen so that the 
system can eventually be used inter- 
nationally. The U. S. Post Office is 
presently working on an electronic 
mail sorting system which it is ex- 
pected would use a similar coding 
system, 
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BENDING AND VIBRATION OF ELASTICALLY RESTRAINED 
CIRCULAR PLATES 


BY 
C. LAKSHMI KANTHAM ' 


SUMMARY 


In the bending and vibration problems, it is found that the values of deflection 
and natural frequency vary considerably with change of end or edge conditions. In 
this paper a general boundary condition involving a linear relation between moment 
and slope at an edge is considered, so that the simply supported and completely fixed 
edge conditions form the limiting cases. The constant of proportionality is the 
elastic restraint factor, which is a measure of the degree of fixture, varying from zero 
to positive infinity. Values of deflection in the one case and natural frequency in 
the other have been determined for intermediate values of the elastic restraint factor. 


INTRODUCTION 


In the bending and vibration of plates it is found that the values 
of maximum deflection and natural frequencies, respectively, vary 
considerably from the simply supported to clamped edge conditions. 
For an estimation of these characteristics in the intermediate range a 
generalized boundary condition may be assumed, of which the simply 
supported and clamped edges become the limiting cases. While Bassali 
(1)? considers the ratio of edge moment to the cross-wise moment as a 
constant, Newmark (2), Lurie (3), Klein (4), and other investigators 
(5, 6) consider that moment and slope at an end are proportional in 
their analyses of various structures. 

Here the definition of elastic restraint given by a = BM, as in Timo- 
shenko (7), is followed, where a@ is the slope at any edge, M the cor- 
responding edge moment per unit length while 8 is the elastic restraint 
factor. 8 —0 and 8 — © represent the two limiting cases of clamped 
and simply supported edge conditions respectively. 


I. SYMMETRICAL BENDING OF CIRCULAR PLATES WITH ELASTICALLY 
RESTRAINED EDGES UNDER UNIFORM PRESSURE 


Let us consider a circular plate of constant thickness with its edge 
elastically restrained uniformly against rotation. Using the small 
deflection theory we can develop for such a plate, the differential equa- 
tion for the deflection as (following Timoshenko (8)) 

(1) 


1a 
rdr\ dri rdr\ dr D’ 


1 Department of Aeronautical Engineering, Indian Institute of Science, Bangalore, India. 
2 The boldface numbers in parentheses refer to the references appended to this paper. 
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where g is the pressure, D the flexural rigidity of the plate and r the 
radial distance from center. Integrating Eq. 1 we get 


Cyr 


w= Crlog= + C, (2) 


where the constants of integration C,, C, and C; are determined by the 
boundary conditions. The boundary conditions for zero deflection and 
the slope-moment relation at the edge are 


(7) w=Oatr=a 
wo (F)_-° 


For moment shown in Fig. 1, the expression in terms of curvature is 


given by 


Hence from boundary condition (777), we get 


dw ow 


dr? or dr yma 
From Eq. 2 we get 


Cr, 


Gs: 1 Gs 


ldw_ gr 
rdr 


usr 
Fic. 1. 
dr? 
dw 
dr 
dw 3gr 
et (3) 
Cs... 
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Using boundary condition (72) in the first of Eqs. 3 we see that Cy must 
vanish. 
Using boundary condition (z) in Eq. 2 we get 


+C;=0 
or 
(4) 


From boundary condition (77), we get, using Eqs. 3, 


qa rage! 3qa* qa” 

or 
ib 2)+’\ieot 2 /} 


Writing eo = we have 


which, simplified, gives us 


(3+ »rA+1 


8D (1+ 


(5) 


From Eq. 4 on substituting for C; from Eq. 5 we have 


32D (1+ »)rv\ +1 


644DL (1+ vA 


(6) 


Substituting these values of C; and C; in Eq. 2, we get 


w= 


64D 32DL (1+ +1 (i+ ra +1 
64D 64DL(i+>»rA+1 64DL(1 + + 1 


: 
4 
& 
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Writing 


(S + +1 _ 
(1+ 1 


N, 


we get 


w = a (7) 
It is readily seen that for \ — 0, and \ — «, Eq. 7 will reduce respec- 
tively to 

q 


w= (a r?) 


= £15 r| (a? — 
v 


These are the well-known equations for clamped and supported circular 
plate, respectively. 
Choosing » as 0.3 we have 


+1 
(1.3) + 1° 


From Eq. 7, Wnaz occurring at r = 0 is given by 


ga* 


The results for deflection at the center of the plate for various values 
of \ are presented in Table I and plotted in Fig. 2. 


TaBLe |.—Variation of Deflection at the Center of a Circular Plate 
with Elastically Restrained Edge under Uniform Pressure. 
/ 


ga‘ 


= 
= 
r 64D 
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SIMPLY SUPPORTED PLATE 


FIXED PLATE 


° 


Fic. 2. Variation of deflection with elastic restraint for circular plate. 
Il. VIBRATION OF ELASTICALLY RESTRAINED CIRCULAR PLATES 


Considering the transverse vibration of a thin elastic circular plate 
of constant thickness we can write the governing differential equation 
following Rayleigh (9) as 


(vi — k4)w = 0 (8) 


with &, a characteristic parameter of vibration, given by k* = Pe 


where ? is the circular frequency of vibration, p the mass density of the 
material, / the thickness of the plate and D the flexural rigidity. 
Now w the deflection at any point may be represented by 
= > w, cos 6 cos pk (9) 


n=0 


where w, is a function of radius r only. It is easy to see that, since w,, 
is independent of 6, the general term w, must satisfy 


a n? 


the general solution of which may be written as 


w, = A,J,(kr) + B,J, (tkr) 
A,LJ,(kr) + ]. 
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Dispensing with the constant multiplying factor we can write the 
solution as 


= J,(kr) + C,J,(tkr) 
= J,(kr) + (kr). (12) 
This equation must be used in solving for (kr) with the given boundary 


conditions. The boundary conditions for an elastically restrained 
circular-plate, as in Fig. 3, are: 


(*)w=0 at r=a 


With the boundary condition (7), we have from Eq. 12 
J,(ka) + C,i"l, (ka) = 0. 
With boundary condition (77), from Eq. 12, we get 
(ka) + (ka) ] =— (ka) + (ka) } 


+ + (15) 


Setting ka = 6 and e = h, Eq. 15 becomes 
(0) + (0) = — NOL (0) + 
— (0) + (8) 


or 
[J + + vd) = — (0) + ]. (16) 


Making use of the relationships of derivatives of Bessel functions the 
left hand side of Eq. 16 may be expressed as 


= — — + (17) 
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by using Eq. 14, or 


Tn41(8) 
T,,(8) 


by again using Eq. 14. Similarly the right hand side of Eq. 16 may be 
shown, after using Eq. 14, to reduce to 


+ AO + 2r0J,,(8). (19) 


From Eqs. 18 and 19, Eq. 16 can be written as 


J n41(8) Tn+1(8) 
-| * 


| (1 + vd) J, (8) 


J n+1(8) Tn41(8) 
+ | + 2.07.0 
or 
J n+1(8) Tn41(8) 
-| t+ Ju — = — De, (20) 


This is the frequency equation from which the solutions of @ are got for 
different values of }. For \ +0, \ — ~, representing clamped and 
simply supported edge conditions, it can be seen that Eq. 20 reduces 
to the well known equations: 


_ 
and 
J n+1(9) Tn41(8) 26 
J + I.) (21) 


Equation 20 has been solved for n = 0, = 1 and m = 2 for various 
values of \. The results are presented in Table II and in Fig. 4. The 


TABLE Values of 6 for Various Values of n and 
for an Elastically Restrained Circular Plate. 


n=0 n=2 
—0 3.20 6.30 4.61 5.90 
10-° 3.19 6.30 4.61 5.90 
10-° 3.17 6.25 4.57 5.85 
107 2.96 5.93 4.31 5.55 
10° 2.46 5.55 3.87 5.17 


i 2.22 5.45 3.73 5.06 
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Fic. 4. Variation of @ with elastic \ restraint for a circular plate. 


values of clamped plate corresponding to \ — 0 have been taken from 
Prescott (10). 


CONCLUSIONS 


The curves in Figs. 2 and 4 enable us to determine the elastic 
restraint for a circular plate by measuring the deflection at the center 
in the one case and the frequencies in the other case. Both in bending 
and vibration problems it is seen that the values for the two limiting 
cases of simply supported edge and clamped edge are reached asymp- 
totically. 
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Electronics Probes Human Heart. 
—It is now possible to take blood 
samples from within a beating heart 
and simultaneously make extremely 
accurate measurements of in-heart 
blood pressure. A tiny pressure pick- 
up device threaded through arteries 
directly into the heart will help diag- 
nose various heart defects. The de- 
vice was described by Alan Warnick, 
supervisor of the electronics depart- 
ment, of the scientific laboratory of 
Ford Motor Company's engineering 
staff, at the recent IRE convention. 
The instrument, thinner than a match 
stick and only half an inch long, was 
developed in cooperation with the 
Henry Ford Hospital. 

The system measures blood pressure 
actually inside the heart, and because 
of this is free from interference and 
distortions. Blood pressure is con- 
verted into electrical signals so small 
that the electronics laboratory had to 
develop a new amplifier to bring the 
electrical pulses up to a level that 
could be recorded. 

Satisfactory results were obtained 
in animal experimentation and the in- 
strument now has been used on more 
than a dozen adult patients. 

The type of diagnostic research 
being done is called “‘cardiac catheter- 
ization,”’ and involves studies of blood 
pressure and pulse in the heart, plus 
a sampling of blood taken from one of 
the chambers. 

The sensing element employs the 
strain-gage principle. Within the de- 
vice a miniature bellows is activated 
by cardiac pressure. The bellows 
presses against a coil of wire that en- 
circles it, wire many times thinner 
than a human hair. This wire has a 
current of electricity running through 
it and when stretched by the bellows, 
it increases its electrical resistance. 
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This electrical change, amplified 
and recorded, has a higher natural fre- 
quency than other types, above 2000 
cycles per second. Because of this, 
its readings are particularly valuable 
for work with infants and children 
where faster heartbeats increase the 
problem of interference by vibration. 


Non-Depressant Anesthetic.—Re- 
sults of a preliminary study involving 
use of Sernyl, a new, non-depressant, 
rapid-acting anesthetic, were delivered 
recently before the International 
Congress of Research Anesthetists. 

Dr. F. E. Greifenstein, Professor of 
Anesthesiology at Wayne State Uni- 
versity’s College of Medicine in De- 
troit, reported that the injectable 
anesthetic opened avenues to ‘‘addi- 
tional work with non-barbiturates as 
anesthetics.’ The doctor and his 
associates, Dr. Marion DeVault, Dr. 
J. Yoshitake and Dr. John E. Gajew- 
ski, observed the new anesthetic in 
70 patients at Detroit’s Receiving 
Hospital. 

Sernyl does not depress respiration 
or circulation and induces a temporary 
amnesia in patients, Dr. Greifenstein 
said. Asa result, they are unable to 
recall any of the operating room pro- 
cedures other than the initial injection 
of the drug. 

He said Sernyl leaves patients in- 
sensible to pain, is adequate for super- 
ficial surgery, and, in combination 
with relaxing drugs, can be used satis- 
factorily in major surgery. 

Sernyl was developed by Parke, 
Davis & Company, world-wide phar- 
maceutical firm, and is the company’s 
registered trademark for 1-(1-phenyl- 
cyclohexyl) piperidine monohydro- 
chloride. 


THE FRANKLIN INSTITUTE 


MINUTES OF THE STATED MEETING 
May 21, 1958 


The Stated Meeting of The Franklin Institute was held at 8:15 p.m. in the Lecture Hall. 
Mr. Wynn Laurence LePage, President, called the meeting to order with approximately 270 
members and guests in attendance. 

Mr. LePage reported that the minutes of the Stated Meeting of March 19, 1958 were 
printed in the April issue of the JouRNAL and the minutes of the Special Meeting of April 2, 
1958 and the Stated Meeting of April 16, 1958 were printed in the May issue of the JouRNAL. 
There being no corrections or additions these minutes were approved as published. 

Mr. LePage announced that the Board of Managers, at its meeting this afternoon, had 
nominated Mr. Donald Wills Douglas, of Santa Monica, California, Franklin Medalist for 1958, 
to Honorary Membership in The Franklin Institute, and, in accordance with our By-Laws, his 
name was presented to the membership for election. On motion duly made and seconded, the 
following Resolution was presented and unanimously adopted: 


RESOLVED, That Donald Wills Douglas, of 
Santa Monica, California, Franklin Medalist for 
1958, be elected to Honorary Membership in The 
Franklin Institute. 


There being no further business, the President introduced the speaker of the evening, 
Mr. Ferdinand D. Bickel of the Explosives Division of E. I. duPont de Nemours & Company. 
Mr. Bickel is considered the top “blasting’’ expert in the world, and has been involved in 
blasting projects throughout the world. Mr. Bickel gave a most interesting talk on the 
demolition of Ripple Rock, which is in Seymour Narrows, one hundred miles north of Vancouver 
on the west coast of Canada. Many vessels have been damaged and lives lost due to collisions 
with the twin peaks of Ripple Rock which came within nine feet of the surface in the much 
traveled inside passage to Alaska. Mr. Bickel’s talk clearly pointed up the research and 
engineering work necessary to accomplish this important project. His talk was well illustrated 
with slides, motion pictures and charts and both the dramatic aspects and uniquely challenging 
technical features of the Ripple Rock operation were fully appreciated by his audience. 

After enthusiastic applause Mr. LePage opened the question period which brought forth 
many thought-provoking questions. 

The meeting was adjourned by the President at 10:15 p.m. 

F. Jackson, Jr. 
Secretary 
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THE FRANKLIN INSTITUTE 


COMMITTEE ON SCIENCE AND THE ARTS 


(Abstract of Proceedings of Stated Meeting held Wednesday, May 14, 1958.) 
HALL OF THE COMMITTEE, 
PHILADELPHIA, May 14, 1958. 


Mr. JoserpH Gray JACKSON in the Chair. 

The following reports were presented for final action: 

No. 3189: Work of J. C. Patrick on Thiokol. 

This report recommended the award of an Elliott Cresson Medal to Joseph C. Patrick, 
of Yardley, Pennsylvania, “In consideration of his discoveries in the field of polysulfide 
polymers, and of the new processes devised by him involving the combination of chemical 
compounds for the manufacture of a synthetic rubber having special properties adapted to 
critical uses and to the manufacture of a solid rocket fuel.” 

No. 3341: Clark Medal. 

This report recommended the award of the Walton Clark Medal to Frederic O. Hess, of 
Philadelphia, Pennsylvania, “In consideration of his many contributions to the gas industry, 
in the improvements and developments of new processes for the use of gas industrially.” 

No. 3342: Ballantine Medal. 

This report recommended the award of the Stuart Ballantine Medal to Harald Trap Friis, 
of Rumson, New Jersey, ‘‘In consideration of his many important contributions to the science 
of radio-communications during a lifetime of consistently productive research in this field, 


through which this science has been so notably advanced.” 
D. S. FAHRNEY, 


Secretary to Committee 


LIBRARY 


The Committee on Library desires to add to the collections any technical works that 
members may wish to contribute. Contributions will be gratefully acknowledged and placed 
in the Library. Duplicates received will be transferred to other libraries as gifts of the donor. 


438 items have been added the past month. 
Photostat service. Photostat prints of any material in the collections can be supplied 


on request. 
The Library and reading room are open from 9 A.M. until 5 p.m. on Mondays, Tuesdays, 


Thursdays, and Fridays; 2 P.M. until 10 P.M. on Wednesdays; and from 9 a.m. until Noon on 


Saturdays. 
RECENT ADDITIONS 
AGRICULTURE 


Advances in Pest Control Research. Vol. 1. 1957. 
Jackson, Marron Leroy. Soil Chemistry Analysis. 1958. 


ARCHITECTURE AND BUILDING 
Architects’ Yearbook. Vol. 8. 1957. 
ASTRONOMY 


Hoye, Frep. Frontiers of Astronomy. 1955. 
ScHATZMAN, Evry. White Dwarfs. 1958. 
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ATOMIC ENERGY 
Fermi, Laura. Atoms for the World. 1957. 


AUTOMATION 


ConsipInE, DouGLas MAXWELL. Process Instruments and Controls Handbook. 1957. 

LEONHARD, ADOLF. Die Selbstatige Regelung; Theoretische Grundlagen mit Praktischen 
Beispirlen. Ed. 2. 1957. 

SHAuMIAN, G. A. Automaten. Ed. 2. 1956. 


BACTERIOLOGY 
Bergey’s Manual of Determinative Bacteriology. Ed. 7. 1957. 
BIOLOGY 
KAMEN, MartTIN Davin. Isotopic Tracers in Biology. Ed. 3. 1957. 


CHEMISTRY AND CHEMICAL TECHNOLOGY 


Atmarin, I, P. AND ARCHANGELSKAJA, W. N. Qualitative Halbmikroanalyse. 1956. 

ALLEN, Mitton J. Organic Electrode Processes. 1958. 

BeEcHER, PauL. Emulsions. 1957. 

BReztna, MirRosLAV AND ZUMAN, P. Die Polarographie in der Medizin, Biochemie und 
Pharmazie. 1956. 

Conway, Epwarp Microdiffusion Analysis and Volumetric Error. Ed. 4. 1958. 

INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY. COMMITTEE ON PuysIco-. 
CHEMICAL DATA AND STANDARDS. Purity Control by Thermal Analysis. 1957. 

JirGENsons, BRuNO. Organic Colloids. 1958. 

KITCHENER, J. A. JIon-Exchange Resins. 1957. 

OxAé, ArnoSt. Analityckaé Chemie Kvalitativni. 1956. 

WELCHER, FRANK JOHNSON. The Analytical Uses of Ethylenediaminetetraacetic Acid. 1958 

WiLctarp, Hopart Hurp; Merritt, LyNNE L., JR. AND DEAN, JoHN A. Instrumental 
Methods of Analysis. Ed. 3. 1958. 

YounG, LEONA ESTHER AND PORTER, CHARLES WALTER. General Chemistry, a First Course. 
Ed. 4. 1958. 

DICTIONARIES 


Elsevier's Dictionary of Electronics and Waveguides, in Six Languages. 1957. 


ELECTRICITY AND ELECTRICAL ENGINEERING 


Apkins, BERNARD. The General Theory of Electrical Machines. 1957. 

Burstyn, WALTHER. Elektrische Kontakte und Schaltvorgange. Ed. 4. 1956. 

ARCHIE FREDERICK. The Radio Amateur’s Handbook. Ed. 10. 1957. 

Lewis, WALTER WALLACE. Basic Electric Circuit Theory. 1958. 

Mitver, Kurt Emit. Der Kathodenverstarker in der Elektronischen Messtechnik. 1956. 

Rumer, Kart Hernz. Elektronik in der Fernsprech-Vermittlungstechnik. 1957. 

SCHENDELL, GERHARD. Praktische Durchfiihrung von Kurzschlussstromberechnungen fiir 
Hochspannungsnetze. 1953. 

WALKER, JAMES R. AND FRANK, Max. Design Methods for Magnetic Amplifiers and Satur- 
able Reactors. 1956. 

Watson, G.O. Marine Electrical Practice. 1957. 


ENGINEERING 


AMERICAN SOCIETY FOR Metats. Creep and Recovery. 1957. 

Macopurr, JoHN N. AND CuRRERI, JOHN R. Vibration Control. 1958. 

MANTELL, CHARLES LETNAM, ED. Engineering Materials Handbook. 1958. 

MIDWESTERN CONFERENCE ON SOLID MECHANICS. 3kD, UNIVERSITY OF MICHIGAN, 1957. 
Proceedings. 1957. 

SIEBEL, EricH, ED. Handbuch der Werkstoffpriifung. Ed. 2. 1955-1957. 
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FOOD 
CLARKE, RONALD JAMES. Process Engineering in the Food Industries. 1957. 


GENERAL 


Koro., ALEXANDER G. Soviet Education for Science and Technology. 1957. 
Stn, Ratpo Gun Hoy. The Tao of Science; an Essay on Western Knowledge and Eastern 
Wisdom. 1957. 
GRAPHIC ARTS 


Letouzey, Victor. Colour and Colour Measurement in the Graphic Industries. 1957. 


MATHEMATICS 


ALGER, Puitip LANGpoN. Mathematics for Science and Engineering. 1957. 
Hawtmos, Paut Ricuarp. Finite-Dimensional Vector Spaces. Ed. 2. 1958. 
Hoop, GEorGE JissEN AND PALMERLEE, ALBERT S. Geometry of Engineering Drawing. 


Ed. 4. 1958. 
Tricomi, Francesco Giacomo. Integral Equations. 1957. 
ZARISKI, OSCAR AND SAMUEL, PIERRE. Commutative Algebra. Vol. 1. 1958. 
MECHANICAL ENGINEERING 
Ham, CLARENCE WALTER; CRANE, E. J. AND ROGERS, WILLARD Lewis. Mechanics of 
Machinery. Ed.4. 1958. 
METEOROLOGY 
U.S. Arr Force. CAMBRIDGE RESEARCH CENTER. GEOPHYSICS RESEARCH DIRECTORATES. 
Exploring the Atmosphere’s First Mile. 1957. 


NUCLEAR ENGINEERING 
CROWTHER, JAMES GERALD. Nuclear Energy in Industry. 1956. 


OPTICS 


Loncuurst, RicHARD SAMUEL. Geometrical and Physical Optics. 1957. 
TRILLAT, JEAN JAcguEs. Découverte de la Matiére. 1956. 


PETROLEUM TECHNOLOGY 
Pirson, SyLvain J. Oil Reservoir Engineering. Ed. 2. 1958. 


PHOTOGRAPHY 
BomsBack, Epwarp S. Retina Handbook. 1957. 


PHYSICS 


ATKIN, RONALD Harry. Mathematics and Wave Mechanics. 1956. 

Brown, AUBREY INGERSON AND Marco, SALVATORE MICHAEL. Introduction to Heat 
Transfer. Ed.3. 1958. 

CuLtwick, Ernest GEOFFREY. Electromagnetism and Relativity. 1957. 

GUGGENHEIM, EpwARD ARMAND. Thermodynamics; an Advanced Treatment for Chemists 
and Physicists. Ed.3. 1957. 

Lacey, WILLIAM NoBLE AND SAGE, BRUCE HORNBROOK. Thermodynamics of One-Component 
Systems. 1957. 

LEGRAND, Yves. Light, Colour and Vision. 1957. 

LLEWELLYN-JONES, FRANK. Ionization and Breakdown in Gases. 1957. 

TayLor, GEOFFREY INGRAM. Scientific Papers. Vol. 1. 1958. 

YounG, M. E. J. Radiological Physics. 1957. 
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Burcess, Eric. Satellites and Spaceflight. 1957. 
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The Making of a Moon, the Story of the Earth Satellite Program. 


DAVENPORT, WILBER B. AND Root, WiLt1AM L. An Introduction to the Theory of Random 


Signals and Noise. 
WAERDEN, B. L. VAN DER. 


Mathematische Statistik. 


TEXTILES 


1957. 


SPEEL, HENRY C. AND SCHWARZ, EUGENE W. K. Textile Chemicals and Auxiliaries. Ed. 2. 


1957. 
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New Color Projection Technique.— 
A colorless, transparent slide produced 
a full-color photograph when pro- 
jected on a screen during a demonstra- 
tion at a recent meeting of the Optical 
Society of America. 

Dr. William Glenn, a physicist at 
the General Electric Research Labo- 
ratory, Schenectady, N. Y., presented 
a technical paper describing his new 
technique for recording ‘‘color infor- 
mation” in tiny ripples on a clear 
gelatin film. 

The General Electric scientist said 
the new color projection technique 
may have eventual importance in 
color television for both home and 
theater applications. His paper de- 
scribed how his method might be 
adapted to projection TV systems, 
making possible simultaneous projec- 

‘tion of primary colors in perfect 
register on the screen. 

The ripples in the film serve as a 
diffraction-grating system, and a spe- 


cial projector is used to “‘translate”’ 
the diffraction patterns—overlapping 
series of light waves—so that brilliant 
primary colors are projected on the 


screen at the same time. The slides 
demonstrated by Dr. Glenn were in 
the standard 2 X 2 size, and because 
the diffraction ripples were only a 
thousandth of an inch apart, the pro- 
jected picture had a_ resolution— 
sharpness—comparable to a good TV 
picture. 

Dr. Glenn also showed how the color 
information could be recorded on 
black-and-white film, and his audience 
of physicists had the unique experi- 
ence of seeing an ordinary-appearing 
black-and-white slide produce a full- 
color picture on the screen. He said 
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that by placing a special mask in front 
of the film in an ordinary camera, color 
photographs can be taken directly on 
black-and-white negative materials. 
(The diffraction-grating system pro- 
duces a ‘‘positive’’ color picture if the 
monochrome slide is either positive or 
negative.) Dr. Glenn emphasized 
that the technique has not yet been 
developed for wide use in photographs. 

“We are much more interested in ap- 
plying the idea to television,” he said. 

An unusual aspect of Dr. Glenn’s 
system is that it makes possible a full- 
color picture produced by two primary 
colors, one fixed and one variable, in- 
stead of the usual system of three fixed 
primaries. He showed today how the 
“‘one-fixed-and-one-variable’’ method 
actually reproduces a greater part of 
the visible spectrum than the ordinary 


‘three-primary system. 


For his clear and transparent “color 
slides," Dr. Glenn prints the diffrac- 
tion-grating ripples on chromated 
gelatin. His black-and-white ‘color 
slides” utilize fine-grain photographic 
film. Dr. Glenn suggested that the 
Swiss Eidophor system for black- 
and-white TV projection, in which 
diffraction gratings are written onto 
an oil film by an electron beam, might 
be modified for simultaneous color 
projection using the new technique. 

Possible advantages of the new sys- 
tem in color television would include 
high brightness, perfect color register, 
and greater simplicity than color-TV 
systems now in use. General Electric 
officials emphasized, however, that 
Dr. Glenn’s presentation was “‘a tech- 
nical paper describing a laboratory 
achievement and definitely not a pro- 
duct announcement.” 


— 
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A. C, CARLTON, DIRECTOR 


RESEARCH AND PATENTS 


BY 


THOMAS COULSON 


The United States Patent Office, established to ‘promote the 
Progress of Science and the useful Arts,” is now one hundred and sixty- 
five years old and is, therefore, a venerable institution. Since its 
beginning, the U. S. Patent Office has been the keystone in the structure 
of American industry and business. The grant of a patent, by awarding 
exclusive rights for a limited period to the fruits of the labors of imag- 
inative thinking, gave encouragement and incentive to undergo the 
dogged, costly labor, the discouragements and disappointments that 
attend creative effort. 

When the patent laws were formulated the men who wrote them 
were thinking only of the individual inventor, and no blame can be 
attributed to them if they failed to foresee the time would come when 
inventions and discoveries would be the products of team work. The 
great research organizations of large companies, employing hundreds of 
research workers spending millions of dollars annually, could not be 
visualized by the most unfettered mind of those days. Yet the system 
has worked well. The Patent Office still recognizes only the individual, 
whether he works alone in a basement workshop or whether he is part 
of a large group working in a well equipped laboratory. This is as it 
should be. For the fact is that in any invention the initiative comes 
from an individual, and to him should be awarded the prestige and 
prominence of priority. 

A patent is an inventor’s best protection. It is not a guarantee of 
profit. In order to obtain the protection the inventor must apply for a 
patent, giving a full description of his invention and a statement of 
claims setting out what features of the invention are original. The 
inventor receives a report upon his application, affording him an op- 
portunity to reword or amend his claims. Finally, the inventor will 
be told which of his claims will be allowed. With this information in 
his possession, the inventor must decide for himself whether the ad- 
mitted claims are important enough to make a full disclosure that will be 
required if a patent is granted. He must weigh the value of the 
prestige that will be his and evaluate the income he may justifiably 
receive from the seventeen years life of the patent. 

We must not suppose the nature of his patent will remain unknown 
to others. On the contrary it will be submitted to minute examination. 
The patent disclosure will be published by the Patent Office and printed 
copies can be consulted in many libraries. The Franklin Institute 
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Library has an extensive file of American patents, and inventors would 
be well rewarded if they studied them before applying for their patents. 
Such precautions save much time, labor, and money in sparing a 
research worker from wasting effort upon a problem that is already 
protected by patent. 

It might be supposed the patent system would stifle competition. 
Such a supposition would be erroneous. The system is a potent 
stimulus to competition. Another feature of the patent system which 
its framers could not have foreseen is that patent protection permits 
the circulation of information throughout the industry. Not only does 
this save wasted effort by workers in the same field (provided they are 
willing to deny themselves time from laboratory experiment to devote 
it to literary research), but this diffusion of knowledge opens up fresh 
vistas unperceived by the inventor. The utility of the patent may be 
apparent to a competitor seeking to reduce his manufacturing costs or 
to enlarge his operations, and this may induce him to adopt the patent 
under license, to the further enrichment of the patent holder. 

During the months of March and April, the Museum was fortunate 
enough to secure for display fifteen excellent exhibits, illustrating the 
value of research and the patent system to the chemical industry. 
These exhibits furnished an eloquent tribute of an industry to research 
and its protection by patent. The representative companies embraced 
the wide field of home, farm, industry, and national security in the 
variety of their products. Visitors were privileged to see how research, 
adequately protected from piracy by the patent system, is encouraged 
to produce newer and better ways of doing things, newer and better 
products for improved health, better living, greater comfort and security 
for all. Several of the exhibits bore testimony to the effectiveness of 
the patent system in promoting the growth of a small concern into a 
vast organization under the shelter of the protection it affords. 


THE FRANKLIN INSTITUTE LABORATORIES 
NICOL H. SMITH, DIRECTOR 


THE STUDY OF EXPLOSIONS BY FLASH 
ABSORPTION SPECTROSCOPY 


BY 


FRANCIS R. TAYLOR! 


Short-lived molecular species occurring during gas explosions have 
been detected by means of flash ultraviolet absorption spectroscopy. 
G. Porter (1), originator of this technique, collaborated with R. G. 
Norrish (2) in using this method to study hydrogen-oxygen explosions. 
Their method consisted of initiating the reaction by means of a photol- 
ysis flash, -and then taking the absorption spectrum of the reacting 
gases by a second flash which occurred a few milliseconds later. The 
triggering of the flash was done by electrical contacts on the surface of 
a rapidly rotating disk. This disk also acted as a shutter, excluding 
from the spectrograph the light from the photolysis flash lamp, but 
passing the emission from the flash lamp supplying the continuous 
background for the absorption spectrum. 

At The Franklin Institute Laboratories we have adapted this flash 
technique to the study of gaseous explosions which are not induced by 
photolysis but which occur spontaneously as a result of the thermal 
energy present at the temperature of mixing (3). This method has 
allowed us to follow the increase and decrease in the concentration of 
unstable radicals and molecules during explosions of carbon disulphide 
and oxygen (4), and propane and nitrogen dioxide (5) which last only 
a few milliseconds. Our apparatus is much smaller and simpler than 
that described by Porter. 

Our present technique consists of rapidly introducing mixtures of 
reactants into 4 cm. diameter quartz absorption tubes 20 or 55 cm. long 
which are maintained at a constant temperature in a large furnace. 
Light emitted by the reacting gases is transmitted through the heavy 
walls of the furnace by a quartz rod, acting as wave guide, to a sensitive 
photomultiplier tube. Part of the output of this detector is utilized 
to actuate a thyratron delay circuit—firing a high intensity flash tube 
at any predetermined time during or after the reaction. Part of the 
output is also transmitted to an oscilloscope, where the resulting trace 
of the total radiation from the reacting gases and the flash tube are 
photographed. Finally the light from the flash tube passes through the 
reacting gases and into a large Bausch and Lomb spectrograph, where 
an absorption spectrogram is produced. The flash tube used in this 
work consists of a 4 mm. i.d. quartz tube having two internal tungsten 
electrodes and one external triggering electrode located midway between 
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them. The flash tube contains 10 to 12 cm. Hg of xenon and is energized 
by a photoflash 25-microfarad capacitor charged to 5000 volts. Oscillo- 
scope traces of the light emission from this source shows it to have a 
discharge time of approximately one millisecond. 

The technique of flash ultraviolet absorption spectroscopy can be 
applied to nearly any rapid gas phase reaction where chemical species 
are produced which have absorption bands in the visible or ultraviolet. 
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Seminar on Charge and Specific Ion Effects on Sedimentation in 
the Ultracentrifuge.— Dr. Kai O. Peprrsen of the Institute of Physical 
Chemistry, University of Uppsala, Uppsala, Sweden, addressed the 
seminar of the Biochemical Research Foundation on Wednesday after- 
noon, January eighth, 1958. 


Up to the present time very little attention has been paid to the 
influence that electric charge may have on the sedimentation of macro- 
ions. Except for an article by Tiselius (1) in 1932 and a preliminary 
study by the author (2) at the same time, no systematic investigation 
seems to have been made. A few papers dealing with special cases may 
be mentioned (3-5). 

Generally in praxis a sufficient quantity of neutral salt is added to 
the solution to be centrifuged so that any primary charge effect is 
swamped. Furthermore, the sedimentation experiments are frequently 
carried out in the neighborhood of the isoelectric point, where such 
effects are less pronounced. In recent years, however, interest has 
developed in the effects produced on macro-ions such as proteins when 
they are removed from their isoelectric points and when they pass the 
limit of their stability range. In such cases very marked charge and 
salt effects may occur, and if disregarded they may lead to erroneous 
interpretation of the experimental results. In order to study these 
problems a systematic investigation of charge effects was begun three 
years ago at the Institute of Physical Chemistry at the University of 
Uppsala, Sweden. This study is still in progress, but it was considered 
timely to give a first preliminary report of some of the results obtained 
so far. 

Let us first consider an example. Suppose we have an isoelectric 
electrolyte-free protein solution and to this add a small amount of HCl 
so as to bring the pH of the solution somewhat below the isoelectric 
point for that protein. We have now a protein chloride solution. If 
this is centrifuged, the different sedimentation tendencies of the protein 
ion and its counter-ion (Cl-) result in a microscopic separation of charge 
both at the bottom of the cell and in the sedimenting boundary in 
accord with Poisson’s relation 


d*y/dx? = — 4xp/e, 


where y is the potential at a point where the charge density is p, and e 
is the dielectric constant of the medium containing the charges. This 
equal and opposite separation of charge establishes in the intervening 
column of solution an electric field, d)/dx, which, in conjunction with 
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the centrifugal field, causes the protein and its counter-ion (Gegenion) 
to sediment with the same velocity, slower for the protein ion and 
faster for the Cl- ion. With increasing charge on the protein, dy/dx 
increases and the sedimentation velocity for the protein decreases. 
This we call the primary charge effect. It is most pronounced in solu- 
tions of low ionic strength in which the concentration of the protein 
salt is large in comparison with that of the other ions present. 

A primary salt effect is produced whenever neutral salts (or excess 
acid or base) are added to a solution showing a primary charge effect. 
By the addition of NaCl, for example, to the protein chloride solution, 
the electric field is decreased, since the Cl- ions available to balance the 
charge on the protein molecule are now present at a higher concentration 
than the protein ions and thus do not have to move as rapidly as the 
protein ions to preserve electrical neutrality. The increase in S20 is most 
pronounced upon the first addition of salt and becomes progressively 
smaller as S29 asymptotically approaches a value close to that for the 
isoelectric protein. 

With increasing concentration of neutral salt, the ratio of protein 
concentration to total salt concentration approaches zero, and the 
electric field decreases; but it does not approach zero unless the ions of 
the neutral salt have identical sedimentation constants. If the ions 
have sedimentation coefficients which are different, then the limiting 
value (co = 0) of Seo for the protein depends upon the nature of the 
salt ions. This may be called the secondary salt effect. It occurs in 
every solution containing macro-ions where 


mes; A 0. 
1 


In this expression m,, c; and s; are the valencies (positive for cations, 
negative for anions), molar concentrations, and sedimentation coeffi- 
cients, respectively, for the macro-ion (¢ = 0) and all the other ions 
present in the solution (¢ = 1,2,3, ...m). Like the primary charge 
effect, it is due to the different sedimentation rates of the various ions 
in the solution, particularly to the difference in the s values for the 
small ions of the added salt. The secondary salt effect is often most 
pronounced in the more concentrated salt solutions. 

In addition to the effects described above and caused by what we 
may perhaps call physical factors, there are other effects of a more 
chemical nature that may complicate the experimental results. Thus 
in many cases a specific binding of certain ions (especially anions) to the 
macromolecules obtains, which produces a change in the net charge on 
the macro-ion (at constant pH) and increases the value of M(1 — dp). 
Both these results of ion binding to the macromolecule may give rise 
to changes in s. 
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For the interpretation of results obtained from sedimentation ex- 
periments with solutions containing charged macromolecules it is im- 
portant to know something about the magnitude of these effects. We 
are also interested in knowing under which conditions they are minimal, 
and what value s would have in solutions of the same pH and ionic 
strength if secondary salt effects could be eliminated. This can be 
done when the sedimentation constants and equivalent conductivities of 
the individual ions in the solution are known. 

It can be shown (2) that the observed sedimentation coefficient for 
the macro-ion, So’, is related to the ‘‘true’’ so in the following way : 


n 


micisi 
Uy dy 
wx dx 
MCU, 


0 


where u; is the electrophoretic mobility of the z-ion (¢ = 0 for the 
macro-ion) in cm. per sec. for a potential gradient of 1 e.s.u. per cm. 
From this equation it is seen that so’ = so either when “) = 0 or when 
dy/dx = 0. The first case, %) = 0, is restricted to solutions in which 
the macromolecule is isoelectric, and this condition may occur at 
different pH values depending on the ionic strength of the solution and 
the nature of the anions present. The value of }m,cu;, which is 
proportional to x, the specific conductivity of the solution, is always 
positive. Therefore, if dj/dx is equal to zero, m,c;s; must also equal 
zero. Whether or not secondary salt effects will occur should con- 
sequently be readily determined if m;, c; and s; are known for all the ions 
in the solution to be investigated. A preferable approach, however, 
has been a study of the macro-ion in solutions of constant pH and ionic 
strength, containing the same anions throughout, but with the cation 
systematically varied to give both positive and negative values of 
dy/dx. Each of these systems has been run at various protein con- 
centrations to determine the limiting sedimentation constant, so’, cor- 
responding to ¢) = 0. On the assumption, as a first approximation, 
that u» is independent of the nature of the cation, the resulting values of 
so’ have then been plotted against the corresponding calculated values 


of 2a to obtain so’ = so, the value corresponding to co = 0 and 
wx dx 


The sedimentation constants for the various ions may be calculated 
from two kinds of experiments, viz.: (1) self-diffusion measurements, 
and (2) combined conductivity and transport number determinations. 
In addition to such measurements, however, the partial molar volume, 


i 
| 
kW 
wx dx 
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V, for the ion must be known. Such values for V are to be found in the 
literature for a great number of ions (6). They have been calculated 
from different assumptions. In this case it has been assumed that 
V. = 0 for the hydrogen ion. 

The limiting sedimentation coefficients for a number of ions have 
been calculated for water at 25° C. For the cations, s25 varies from 
0.001 S* for NH,*+ to 1.52 S for the Tl*+ ion. For the anions, the values 
increase from 0.08 S for the acetate ion to 0.75 S for the I- ion. For 
salts, values varying from s2; = 0.07 S for LiCl to s25 = 0.84 S for CsI 
were computed. 


0.1m H3P0, +0.1m NaH2PQ, + 0.2m MBr 


r4 ‘8, 


36 
0 


100 200 300 400 500 


Fic. 1. Variation of s2o for BSA with protein concentration in solutions of various 
0.20 M alkali bromides in an acid phosphate buffer solution of pH ~ 2. 


Examples have also been compiled showing the values of dy/dx for 
a number of neutral salts and buffer salts. These tables show that very 
small secondary salt effects should be present in solutions of the follow- 
ing salts: NaF, NaCl, KNO;, Ke-HPO, and MgCl.. 

Throughout the investigation described here bovine serum albumin 
(BSA) was used as model substance because it has a suitable soo, a 
broad stability range, and may become highly charged. For the 
purpose of this investigation it seems unimportant whether in some of 


* 1S (Svedberg) = 1 K 10™ c.g.s. unit. 
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the acid solutions the BSA is in the native or in the denatured form as 
long as a possible denaturation is independent of the nature of the cation. 

The experiments described in the following were all carried out at a 
pH either around 9 or around 2, where one peak only is observed in the 
sedimentation diagram. In the region between pH ~ 2 and pH ~ 4 
the diagrams are often asymmetrical and may show two peaks, depend- 
ing upon the pH and the anions present in the solution (for references 
see 4, 5). 


S29 


005m Na7B,07+0.2m salt 
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Fic. 2. Variation of s20 for BSA with protein concentration in solutions 
of various 0.20 M alkali salts in 0.05 M NasB,O;. pH ~ 9. 


9° 400 


As examples of the variation of the sedimentation coefficient with 
protein concentration and the nature of the salt medium, two of the 
diagrams shown are given here (Figs. 1 and 2). In the first diagram 
the variation of s20 with protein concentration is shown for the various 
alkali bromides in an acid phosphate buffer solution of pH ~ 2. The 
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sedimentation coefficient decreases when the cation increases in mass 
from Li+ to Cst. The opposite is the case for the alkaline borate buffer 
of pH ~ 9, where the sedimentation is faster in CsBr than in LiBr. 

From Figs. 1 and 2 it is clearly evident that the nature of the cation 
is quite important for the results that may be obtained in solutions of 
charged macromolecules. In the case of serum albumin the difference 
between the values obtained in solutions containing Li+ or Cs+ may 
amount to about 10 per cent. As, however, the variation in the sedi- 
mentation coefficient, As, is not relative but absolute, the effect is 
greater the smaller the molecule. Furthermore, since smaller molecules 
may often be highly charged, the effect may be still greater. Large 
effects may thus be expected, for example, in solutions of peptides and 
protamines. 

From tables shown it was also evident that in addition to the 
secondary salt effect, the various anions may exert a very specific 
“chemical” effect on the protein and cause great differences in the 
values obtained for S20 in chloride and bromide solutions of the same pH. 
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BOOK REVIEWS 


PROGRESS IN SEMICONDUCTORS, VOLUME II, 
edited by Alan F. Gibson, P. Aigrain and 
R. E. Burgess. 280 pages, illustrations, 
6 X 9}in. New York, John Wiley & Sons, 
Inc., 1957. Price, $10.50. 


The second volume of Progress in Semicon- 
ductors fully lives up to the high standards of 
interest and workmanship established by the 
first volume in this highly useful series. The 
paper by Herman, Glicksman and Paramenter 
on Semiconductor Alloys lives up to the high 
standard of work from the RCA Laboratories 
in Princeton. Much information is still re- 
quired, however, before a complete interpre- 
tation is possible. 

Since the early work of Professor Welker 
on the compounds of elements in Groups III 
and V, this branch of semiconductor physics 
has grown enormously and forms one of the 
most challenging subjects in the field. In 
their paper on this subject, Cunnell and Saker 
describe the properties of these materials in a 
straight-forward and easily understood man- 
ner and indicate some of their applications in 
semiconductor technology. 

Radiation effects in reactor irradiated semi- 
conductors is an extremely complex subject 
and should not be studied as fundamental 
physics. Clearly, what is required in this 
work is more of the controlled type experi- 
mentation in which one type of radiation 
alone, of known and narrowly controlled 
energy, is used. The technique of putting 
semiconductors in reactors is clearly bad 
science even if it is good engineering. This 
criticism of reactor irradiation experiments in 
no way reflects unfavorably on the competent 
and interesting exposition of what seems, to 
the uninitiated, to be a technique which raises 
more fundamental problems than it can solve. 
On the other hand experiments with accu- 
rately controlled radiation can make valuable 
contributions to both semiconductor theory 
and the understanding of the effects of reactor 
irradiations, 

The case for horizontal crystal growing is 
made out admirably by Cressell and Powell 


who have obtained low dislocation densities 
by this method. Crawford Dunlap provides 
an excellent review of a field which still de- 
serves more detailed work, namely, impurities 
in germanium. High electric field effects in 
germanium and silicon, where much is known 
about carrier scattering mechanisms, is 
treated by Mr. Gunn. This review is timely 
and shows that the subject is capable of fur- 
ther illuminating transport effects in semicon- 
ductors. The paper of Dr. Curie on Theories 
of Electro-luminescence is also welcome addi- 
tion to the series. Perhaps the outstanding 
contribution to this volume is, however, the 
theoretical article by Dr. Rose on the life time 
of carriers in semiconductors. 

This collection of eight papers provides an 
excellent demonstration of the continued 
vitality of the semiconductor field as a branch 
of fundamental solid state physics. Volume 
II of Progress in Semiconductors is a beauti- 
fully balanced blend of experimental and 
theoretical research. The reviewer hopes, 
however, that attention will be given to the 
newer fields of surface physics and magnetic 
spin resonance in the next volume. There is 
little doubt that, in the capable and discrimi- 
nating hands of general editor Dr. Gibson and 
his associates, this series is going to continue 
to fulfill a.growing need for good introductory 
articles and surveys of topical fields in semi- 
cgnductor physics. 

NICHOLAS FUSCHILLO 
The Franklin Institute Laboratories 


SATELLITES AND SPACEFLIGHT, by Eric Bur- 
gess. 159 pages, illustrations, 54 x 8} in. 
New York, The Macmillan Co., 1958. 
Price, $3.95. 


The author of this book is one of the early 
and ranking leaders in the space travel field 
and as such has exercised a profound influence 
on the thinking of those who are venturing in 
the field. 

While his other books were written as a 
professional, his latest work is “pitched to the 
level of the layman."’ Essentially Satellites 
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and Spaceflight is a descriptive narrative in 
which the layman can visualize the research, 
training, preparation and disciplines which 
enter into the launching of a satellite. Once 
satellites become commonplace then the next 
step—that of man going into space—is covered. 

The author uses a clever arrangement in the 
writing of this book. The first of the six 
chapters is devoted to some astronautical 
background and to a slight historical exposi- 
tion. Then the details of the Vanguard are 
covered. This reviewer would love to see the 
Russian satellite launching vehicles covered 
as well, but this is wishful thinking. The 
author has canvassed the field as to the uses 
of satellites—both instrumented and non-in- 
strumented—and has shown how much intel- 
ligence can be derived from these satellites. 

His second section deals primarily with the 
human body in space. This, to the reviewer, 
is one of the most fascinating aspects of the 
space travel problem. Here again is a skillful 
digest of our present day knowledge and 
speculations concerning our ability to live in 
a completely alien and unfriendly environ- 
ment. The utilitarian aspects of the space 
station conclude this chapter. 

Probing into space is next covered with the 
logical stepping off point—the moon—ex- 
plored. The author speaks of the various 
types of moon-exploration rockets but does 
not cover the entire field. Travel beyond the 
moon—to Mars—is then portrayed with a 
rather complete picture presented. This 
analysis was made some years ago and was 
reported in the Journal of the British Inter- 
planetary Society. Here refinements are pre- 
sented which picture the Martian problem in 
a clearer light. 

Eric Burgess has succeeded in writing a 
completely fascinating book which adds to the 
background of space travel. Satellites and 
Spaceflight is one of the author’s best works 
and merits the confidence of his readers, 

I. M. Levitt 
Fels Planetarium of The Franklin Institute 


QUEUES, INVENTORIES AND MAINTENANCE, 
by Philip M. Morse. 202 pages, diagrams, 


6 X 9in. New York, John Wiley & Sons, 
Inc., 1958. Price, $6.50. 


This publication is the debut of the Opera- 
tions Research Society of America into the 


Book REVIEWS 


field of monography. The text fills a need 
for some of the more fundamental queuing 
theories to be neatly gathered together for 
ready reference. The treatment given the 
subject is naturally more thorough than en- 
countered in a few chapters of a text on prob- 
ability theory. 

The author has followed a clear line of 
development starting with the simple case of 
a single channel operation with exponential 
arrival and service time distributions. He 
finishes with multi-channel operation with 
complex arrival and service times being simu- 
lated by the method of Erlang. Parallel with 
the development of the theory, consideration 
is given to the estimation of “best” operating 
combinations as dictated by economics. The 
areas of application are evident from the title. 

If one has been exposed in some degree to 
the formulation and solution of queuing prob- 
lems, the book is ideal. However, it is not 
recommended as a text, per se, for the un- 
initiated. Certainly to fill this need, the 
initial section of the book, which covers 
probability models, needs enlargement. It is 
complete but bleak. 

At the same time, the student, before too 
long, may succumb to the false notion that 
the use of complex mathematical simulation 
of distribution is the only available tool 
toward problem solution. To round out the 
presentation, some space should have been 
allotted to the use of Monte Carlo techniques, 
and an idea given where their application is 
more feasible than mathematical models. 

A.oysius J. POLANECZKY 
The Franklin Institute Laboratories 


TRANSISTOR Puysics AND Circuits, by 
Robert L. Riddle and Marlin P. Ristenbatt. 
428 pages, diagrams, 6 X 9in. Englewood 
Cliffs, N. J., Prentice-Hall, Inc., 1958. 
Price, $10.00. 


Just ten years have passed since the tran- 
sistor first made its appearance. In this time, 
transistor technology has developed with ex- 
treme rapidity, evidenced today by the num- 
ber of consumer products boasting of tran- 
sistor circuitry. Steadily declining costs and 
reproducibility of characteristics now permit 
the transistor to compete successfully with 
the vacuum tube in a growing number of 
applications. Those trained in vaccum tube 
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techniques are finding it necessary to re-orient 
their thinking, sometimes to a substantial 
degree, in order to be able to apply these new 
devices with facility. With the future of the 
transistor well established, it has become 
essential for all electrical engineers and de- 
signers to acquire this reorientation and 
necessary background in the shortest possible 
time. 

Messrs. Riddle and Ristenbatt have 
attempted to ease the problem of introducing 
the technician and designer to the techniques 
of transistor theory and circuit design by the 
introduction of the present text. Transistor 
Physics and Circuits assumes no pre-requisites 
other than a basic high school knowledge of 
physics and algebra. Thus the level coincides 
directly with the Technical Institute level. 
The material of the book is divided into two 
parts, covering first the physics and then the 
circuit aspects of transistors. The section on 
physics, extending through the first five chap- 
ters, covers such fundamental subjects as 
crystal structure and properties, energy levels, 
effects of impurities, physical action of tran- 
sitors, and a summary of various transistor 
types. Chapters 6 through 15 are devoted to 
an analysis of various circuit aspects. Here 
performance calculations and some design pro- 
cedures are studied for both small-signal and 
large-signal transistor circuits. The topics of 
frequency response and feedback methods are 
treated thoroughly. Problems are provided 
at the end of each chapter give the reader op- 
portunities for applying the theory covered in 
that chapter. An appendix contains a set of 
selected transistor characteristics as well as a 
short treatment of determinates and the per- 
tinent relations between the various matrices 
used with transistors. 

In this reviewers opinion, the authors have 
admirably achieved their goal of presenting a 
concise, lucid introduction to transistor cir- 
cuit design theory with a minimum of com- 
plication. One disappointing feature is the 
lack of any bibliography. While the text is 
designed to be self explanatory, the inclusion 
of a bibliography would enhance the value of 
the book, permitting more advanced students 
to easily find more details on subjects of par- 
ticular interest. The real value of the book 
lies in its very clear and practical coverage of 
an important and relatively complex subject. 
Most of the texts published heretofore, require 
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much more background of the reader. This 
book, if digested first, would certainly improve 
the appreciation of more advanced treatments. 
In itself, Transistor Physics and Circuits pre- 
sents adequate background for the efficient 
handling of most ordinary transistor circuit 
applications, and should be received enthusi- 
astically by electrical engineers and designers 
seeking to acquire a practical working knowl- 
edge in this field. 
D. L. Birx 
The Franklin Institute Laboratories 


THERMODYNAMICS OF ONE-COMPONENT Sys- 
TEMS, by William N. Lacey and Bruce H. 
Sage. 376 pages, 6 X 9 in. New York, 
Academic Press Inc., 1957. Price, $8.00. 


This book is even more restricted than its 
title would indicate. The viewpoint is that of 
the engineer, with English units used through- 
out, and a limited number of topics is treated. 

The reader is apparently assumed to have 
some knowledge of thermodynamics. Al- 
though the first part includes the basic prin- 
ciples, it is more in the form of a review, and 
the explanations are inadequate for an intro- 
duction to the subject. This section includes 
units, partial differential equations, general 
concepts, the first law and its consequences, 
the second law, a tabulation of thermody- 
namic functions, and cycles. The equations 
are completely derived. Then various basic 
systems and processes are covered: homoge- 
neous gases and liquids, heterogeneous sys- 
tems, irreversible processes. 

Flow processes are discussed at length. 
The general principles are derived and applied 
to several cases, including flow meters, noz- 
zles, and jet pumps. Other subjects are: 
various types of cycles, turbines, reciprocating 
engines, refrigeration, and low temperature 
liquefaction of gases. Numerous examples 
are worked out at intervals, and a compre- 
hensive list of references is given at the end of 
each chapter. Included in the appendix are 
derivations of the more difficult equations and 
a series of problems. 

This volume would serve as a useful intro- 
duction to the various applications for an en- 
gineering student already familiar with the 
fundamentals of thermodynamics. 

Newton McCreapy 
Philadelphia Quarts Co. 
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Basic FEEDBACK CONTROL SysTEM DESIGN, 
by C. J. Savant, Jr. 418 pages, 6 X 9 in., 
drawings and photographs. New York, 
McGraw-Hill Book Co., 1958. Price, 
$9.50. 


Although one might be inclined to observe 
merely that another book on servomechanisms 
has found its way to the shelves, Dr. Savant’s 
new book is an exceptionally good and useful 
one from the standpoint of the general elec- 
trical engineer. The feeling received upon 
examining its contents is that here is a real 
guide to practice which can be put immedi- 
ately to use. It is certainly not cluttered 
with academic, mathematical exercises of ri- 
diculous complexity. 

Such comments are definitely not to imply 
that Dr. Savant’s book is elementary and 
lacking rigor. On the contrary, he has done 
two things of courage; first, he has broken 
with tradition which presents only frequency 
analysis techniques. By introducing root- 
locus methods, which are usually exiled to the 
connoisseur’s corner of servomechanism de- 
sign, he has shown leadership. The root-locus 
pictures the character of the servo system and 
fits more closely the trial and error method by 
which control devices are developed. The 
method is not extremely difficult and can 
surely be taught at the undergraduate level. 

Secondly, Dr. Savant has added numerous 
examples of practical design without fear of 
humbling his treatment. The inclusion of 
numerical illustrations and reference to com- 
mercial devices has not detracted from the 
technical qualities of text. On the contrary, 
this author has selected carefully the basic 
elements of feedback control design including 
the initial attainment of the system differ- 
ential equation, its solution, methods of 
and a brief treatment of 


equalization, 
nonlinearities. 

Undoubtedly the contacts which Dr. Savant 
has had with industrial problems are partly 
responsible for his clear conception of this 


book’s contents. It is a problem to know 
what to include in roughly 400 pages that will 
do justice to such a large and dynamic subject 
as control system design. ; 
This book could easily achieve its goal of 
giving the student substantial facility with 
servo design if a laboratory course could be 
taken in conjunction. Of course, the book 
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is not aimed at the graduate level. It will, 
however, be of use to practicing engineers who 
are called upon to use servomechanisms in 
solving various problems. The servo special- 
ist will probably not find the book to be 
more than a convenient summary. 
C. W. HARGENS 
The Franklin Institute Laboratories 


THE Puysico-CHEMICAL EFFECTS OF PREs- 
suRE, by S.D. Hamann. 246p ages, 5} X 
84 in. New York, Academic Press, Inc., 
1957. Price, $8.50. 


In studying the variables which influence 
the physico-chemical behavior of materials, 
man has tried to reach the extremes of tem- 
perature and pressure in order to test the 
theories and the equations used to describe 
the matter around him. In a fast expanding 
field a review and summary of research and 
research techniques is always desirable and it 
is for this reason that Brey’s book is a welcome 
addition to any technical book shelf. 

Given a system which is in equilibrium, 
reasoned Le Chatalier, and upon which a 
stress is impressed, the result would be a shift 
in the equilibrium in such a way as to relieve 
the stress. It is thus that at high pressures, 
molecules, forced together, polymerize, change 
state from gas to liquid or liquid to solid, and 
generally reach the points of discontinuity in 
properties associated with such changes. The 
scope of this book is centered upon materials 
in this critical condition. The author handles 
the presentation of the mass of work without 
becoming cumbersome and holds the readers 
interest. 

In obtaining the pressures necessary to such 
research, equipment design is the limiting 
factor. The author discusses at some length 
the principles of pressure vessels and seals. 
Specific experimental equipment used by some 
high pressure researchers is mentioned but it 
is left to the reader to refer to the original 
work for full descriptions. It was interesting 
to note that the greater portion of the work 
described dealt with large pressure values, so 
much so that the consideration of negative 
pressures takes the reader somewhat by sur- 
prise. While little work is available in the 
latter area, this portion of the book could be 
expanded. 

In all, the book is excellent for the engineer, 
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chemist, or physicist who requires an overall 

view of the pressure field or for the advanced 

student interested in pursuing the study of 
material behavior. 

RIcHARD HOLLINGER 

The Franklin Institute Laboratories 


THE METALLURGY OF VANADIUM, by William 
Rostoker. 185 pages, illustrations, 5} X 
9in. New York, John Wiley & Sons, Inc., 
1958. Price, $8.50. 


There are many metals whose names are 
familiar to us but we actually know very little 
concerning their physical or mechanical prop- 
erties. Some of these, such as uranium, ti- 
tanium, and zirconium, have become well 
known in the last few years because of their 
sudden increased utilization. This increased 
use has been accompanied by an intensive re- 
search effort resulting in many diverse publi- 
cations. Thus, the appearance of books 
devoted to such metals has been the logical 
consequence of research, sharp increase in use, 
and widespread journal publications. 

The present text does not result from such 
a pattern. Vanadium is still used in rela- 
tively small quantities and then only as an 
alloying element. The author points out 
that the metal itself or in the alloyed state 
has not as yet been used for industrial pur- 
poses. Furthermore, there has not been ex- 
tensive research or publication concerning it. 

The material for the book derives in large 
part from research at Armour Research Foun- 
dation sponsored by the Materials Laboratory 
of the Wright Air Development Center. Be- 
cause of the limited information available on 
this metal, the book will probably require 
revision in a few years. There is, however, a 
sufficient amount of information to warrant 
publication. 

In fact, the appearance of this book is en- 
couraging for several reasons other than the 
presentation of the compilation of data. It 
shows that a government agency is willing to 
invest money for research on a metal for which 
there is not a guaranteed pay-off. It should 
be satisfying to the average metallurgist to be 
able to bring himself thoroughly up-to-date 
on a metal before its widespread application. 
Finally the book itself should stimulate think- 
ing concerning the metal and thus result in 
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additional research that is necessary to bring 
about its more extensive utilization. 

The author covers the extractive metallurgy 
of vanadium, its properties, metallography, 
fabrication technology, corrosion behavior, 
alloying characteristics, and miscellaneous 
topics. He points out that many of the 
physical properties reported are tentative 
since they were made on vanadium more im- 
pure than is now available. However, the 
scope of physical properties covered is excel- 
lent. Properties that are not usually given 
in similar texts are presented; for instance, 
detailed structure, atomic, electrical and mag- 
netic properties. 

An informative chapter is devoted to the 
constitution of vanadium alloys. Although 
the data on the individual systems are meager, 
thirty-nine binarys and several ternarys are 
covered. Phase diagrams for some of them 
are shown. 

The incomplete state of the technology of 
vanadium is well illustrated in the few pages 
devoted to its melting and casting. Since it 
has only been melted on a laboratory scale, 
the author discusses techniques which are 
used in the titanium industry. He quite 
aptly points out that these should be appli- 
cable to vanadium. 

The references are given at the end of each 
chapter and appear to be up-to-date. There 
is a subject index. The book is concisely 
written, well illustrated, and should serve as 
a ready reference for the metallurgist. 

R. L. Smita 
The Franklin Institute Laboratories 


OncE RouUND THE Sun, by Ronald Fraser. 
160 pages, illustrations, 54 X 8} in. New 
York, The Macmillan Co., 1958. Price, 
$3.95. 


Once Round the Sun is an innocuous title for 
a book on contemporary science, but despite 
the title this is a remarkable little book. Con- 
centrated in its 160 pages is a veritable mine 
of information concerning scientific investiga- 
tions during the 18-month IGY. 

The author, Ronald Fraser, is Administra- 
tive Secretary of the International Council of 
Scientific Unions, the agency which sponsored 
the world-wide operation of the IGY. Thus 
in this position he is eminently qualified to 
assess and describe the various facets of sci- 
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ence under investigation. As part of his job 
he had to acquire a familiarity with every 
research project of every discipline that had 
any role in the IGY. 

Essentially the book is a compendium in 
which thumbnail sketches of these researches 
are given. As an example, in Chapter I the 
author covers the size and shape of the earth, 
the spinning of the earth to give the day, the 
motion of the earth round the sun to yield 
seasons, the length of the day, the magnetic 
fields of the earth—now and in the past, pre- 
cession, change in magnetic field, the wander- 
ing of the Poles, glaciers, and continental 
drift. Here are about a dozen subjects 
covered in a chapter of 15 pages! About a 
page per subject is the length of the discussion 
and herein lies the merit of this book. Over 
125 topics are covered. 

Wherein lies the value of a book of this type? 

This reviewer feels that this is one of the 
significant books to appear concerning the 
IGY. Only in this work by Ronald Fraser 
can the scientist find material on every line of 
research inthe IGY. True, it is not compre- 
hensive, but the author does not claim this 
for his book. 

The author has performed a service to 
science in putting into print vignettes of 
the science panorama as touched in this 
period. It would be well if the author or 
someone in his position could publish a defin- 
itive picture of what man has tried to do 
in this IGY. Only when the full story is 
told will the average man—both layman and 
scientist—appreciate the extent of this inter- 
national undertaking. 

In time a work on this will be published. 
When it is it would be well to remember that 
Ronald Fraser pointed the way. 

This reviewer considers Once Round the Sun 
one of the most significant books of the year. 

I. M. Levirr 
Fels Planetarium of The Franklin Institute 


ANNUAL REVIEW OF NUCLEAR SCIENCE, VOL- 
uME 7, 1957, edited by J. G. Beckerley. 
496 pages, diagrams, 6 X 8}in. Palo Alto 
(Calif.), Annual Reviews, Inc., 1957. 
Price: $7.00 (USA); $7.50 (foreign); post- 
paid. 

With the appearance of the seventh volume 
in this series, one may assume that almost all 
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potentially interested persons are now thor- 
oughly familiar with the characteristics of 
these reviews. This volume is similar in con- 
tent, format and quality to previous ones. It 
serves the same useful purposes, namely, it 
provides reviews useful to the expert and to 
the interested non-specialist. Copious liter- 
ature references, tables and graphs make these 
reviews valuable reference articles. 

It is to be noted that several of the chapters 
now show the impact of the discovery of the 
non-conservation of parity. Perhaps the 
most exciting chapter is that on hyperons and 
heavy mesons in which are discussed charge, 
parity and time invariance. 

The titles of the articles are: Mu-Meson 
Physics, Radiochemical Separations by Ion 
Exchange, Equipment for High Level Radio- 
chemical Processes, Cellular Radiobiology, 
Biochemical Effects of Ionizing Radiation, 
Vertebrate Radiobiology (Lethal Actions and 
Associated Effects), Vertebrate Radiobiology 
(The Pathology of Radiation Exposure), The 
Collective Model of Nuclei, Nuclear and Nu- 
cleon Scattering of High Energy Electrons, 
Collision of < 1 BEV Particles (Excluding 
Electrons and Photons) with Nuclei, The 
Measurement of the Nuclear Spins and Static 
Moments of Radioactive Isotopes, Hyperons 
and Heavy Mesons (Systematics and Decay). 
LEONARD MULDAWER 

Temple University 


THe PATH oF CARBON IN PHOTOSYNTHESIS, 
by J. A. Bassham and M. Calvin. 104 
pages, illustrations, 54 X 8} in. Engle- 
wood Cliffs, N. J., Prentice-Hall, Inc., 1957. 
Price, $3.00. 


This short monograph describes the excel- 
lent work done by Calvin, Bassham, and co- 
workers at the University of California, 
Berkeley, on the photosynthetic reaction, and 
particularly the carbon reduction cycle, the 
sequence of reactions leading from carbon 
dioxide to carbohydrates. 

It contains an excellent short historical 
background on the problem, a description of 
the analytical procedures employed in the 
work and the plant materials, and discussion 
of the results. In addition to the work on the 
carbon reduction cycle, short discussions of 
other problems such as fat synthesis, the 
hydrogen transfer system, the quantum con- 


q 


June, 1958.] 


version process and the oxygen evolution sys- 
tem are included. Areas of further work and 
gaps in our present knowledge are indicated. 
In addition to being of great interest to 
workers in the field, the book is so well written 
as to serve the general scientific reader as well. 
M. M. LaBes 

The Franklin Institute Laboratories 


PRINCIPLES OF PHYSICAL CHEMISTRY, by 
Wallace S. Brey, Jr. 432 pages, 6 X 9} in. 
New York, Appleton-Century Crofts, Inc., 
1958. Price, $7.00. 


The technical worker has been forced more 
and more to use the principles of physical 
chemistry to study the molecular world. 
While it is neither practical nor necessary for 
every scientific worker to be a physical chem- 
ist, it has become desirable that he have a 
working knowledge of the applications of the 
field to his own. This book is designed for 
use as a text for a terminal course in physical 
chemistry as it applies to the biochemical field. 

The presentation of thermodynamics is 
little different from that in most good texts 
and the development of equations in kinetics 
and equilibria is standard. As might be ex- 
pected, colloid chemistry is considered in some 
detail, especially with regard to experimental 
techniques, and the field of radioactivity con- 
centrates on tracer isotopes and their use. 
The chapters on chemical kinetics might have 
been more interesting for the biochemist if a 
discussion of the use of rate constants in deter- 
mining the probable mechanism of enzyme 
catalysed reactions had been used. 

The book achieves the author’s aim for a 
lucid presentation of physical chemistry with- 
out undue mathematical work and should give 
the student a fair grasp of the subject. It 
should also be quite good for the physical 
chemist who has an interest in seeing how 
physical chemistry may be applied in another 
field. 

RICHARD HOLLINGER 
The Franklin Institute Laboratories 
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EMULSIONS, THEORY AND PRACTICE, by Paul 
Becher. 382 pages, illustrations, 6 X 9 in. 
New York, Reinhold Publishing Corp., 
1957. Price, $12.50. 


The monographs of the American Chemical 
Society are intended to serve two principal 
purposes: “first to make available to chemists 
a thorough treatment of a selected area in 
form usable by persons working in more or 
less unrelated fields to the end that they may 
correlate their own work with a larger area of 
physical science discipline ; secondly, to stimu- 
late further research in the specific field 
treated.” 

Dr. Becher’s book well meets these criteria. 
It is written to be read by chemists not versed 
in emulsion technology, and it includes exten- 
sive bibliographies for those who wish more 
details than can appropriately be included in 
the book. 

Modern developments in the theory and 
practice of emulsions are clearly explained in 
this new monograph. It begins with the facts 
and theories of surface chemistry relevant to 
emulsions, and the physical properties of 
emulsions as a function of emulsion composi- 
tion. Next, the theories of emulsion stability, 
and manifestations of instability (such as 
inversion, creaming, and complete demulsifi- 
cation) are covered. The volume also con- 
tains discussions of the chemistry of emulsi- 
fying agents, emulsifier efficiency as a function 
of composition, and the technique of emulsi- 
fication, including the various types of emul- 
sators. It offers practical formulation of 
numerous emulsion types, and describes the 
commercial aspects of demulsification. 

Two useful appendices deal with the meas- 
urement of emulsion properties, and commer- 
cially available emulsifying agents. 

Much of the material is based on develop- 
ments of the last 15 years; earlier work, when 
significant, is cited. Here is coverage of the 
subject that will bring the cosmetic, food, 
petroleum, coating, and textile fields thor- 
oughly up-to-date. 

EpMUND THELEN 
The Franklin Institute Laboratories 
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THE HyYPERCIRCLE IN MATHEMATICAL Puysics, by J. L. Synge. 424 pages, diagrams, 6 X 9} 
in. New York, Cambridge University Press, 1957. Price, $13.50. 

This book is the outgrowth of ten years’ work at the Universities of Maryland, Brown, 
Harvard, MIT, Carnegie Institute of Technology, various European universities and the 
National Bureau of Standards.* 

Let the reader recall that the equations of motion of an isotropic elastic solid are: 

Pu + Say + Sos + pX 
Sse + Pay + Siz + oY = 
Soe + + + pZ = pWut. 


The equations of equilibrium exist when Uy, = Vie = Wu = 0. Here the body force per unit 
mass at (x, y, s) has components X, Y, Z and p is the density of the body. P:, P2, Ps are ten- 
sional stresses, S,, Sz, S; are shear stresses, u, v, w are displacements in space 
oP; 


Py, = 


Sy = So. = — = Sx = 


Vu = Vu = We 


If S = strain energy per unit volume then 
2S = Pya + + Poy + Sia + Sob + 


Let a particle originally at (x, y, z) be displaced to (x + u, y+2,2-+w). Then the three 
extensioned strains are 


dv ow 


and the three component shear strains are 


The relations between stresses and strains are: 


Ea = P; — o(P2 + P3) na = S; E = Young's modulus 
Eg = — o(Ps + nb = Sz o = Poisson's ratio 
Ey = P; — o(P; + P2) nc = S; n = modulus of rigidity 
A=atB+7;Pi+P2+ Ps = 3kA A = dilatation 

= E(1 — 2n = E(1 —A = cubical compressions 


k = bulk modulus 


In the Prager-Synge concept, to each state of stress of the body (six functions of three co- 
ordinates) there corresponds a single point of function-space. This space is endowed with a 
metric in a way which seems very natural physically, the square of the distance of a point from 
the origin of function-space (the state of zero stress) being twice the strain energy of the state 
corresponding to that point. 

This representation of states of stress by points of function space gives rise to the notion of 
hypercircle. The hypercircle of function-space appears in the theory as the basis of possible 
positions of the point corresponding to the unknown solution of a problem of elastic equilibrium. 

The analytic problem can be presented as the geometrical problem of finding the point of 
intersection of two orthogonal linear subspaces in a suitably chosen function-space. 


* The first papers on the subject were: PRAGER, W. AND SynGe, J. L., ‘Approximations in a oy Based = 
the Concept of Function Space,” Quart. Appl. Math., Vol. 5, pp., 241-69 (1947); and Synce, J. L., ““The Method of 
the Hypercircle in Function-Space for Boundary Value Problems," Proc. Roy. Soc. A., Vol. 191, pp. 447-67 (1947). 
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In Chapter 1, “Geometry of Function Space Without a Metric,”’ Professor Synge presents 
the notions of P-space (physical space in which the problem is set up) and function-space 


vectors. If P-space is of m dimensions specified by x!, x,---, x" co-ordinates and we consider 
a set of m functions of these co-ordinates—S;, S2, ---+, Sn—thena function-space vecter S(Sj, 
So, +++, Sn) is said to correspond to this set of functions. 


To illustrate these ideas, in treating an elastic body we would have n = 3 (dimensionality of 
ordinary space) and m = 6 (number of stress components). The zero F-vector 0 corresponds 
to the absence of stress and two vectors are equal if, and only if, they correspond to the same 
state of stress throughout the body. 

No knowledge of function-space on the part of the reader is assumed and he is carefully 
carried through the concept of linear subspaces and their intersections. 

In Chapter 2, ‘Geometry of Function-Space with Positive Definite Metric,” Professor Synge 
emphasizes that for his purposes 


(i) P-space is a portion of Euclidean Space (of any number of dimensions), bounded by sur- 
faces composed of a finite number of portions, each with continuous normals. 

(ii) Admissible functions are piecewise continuous, except possibly for a finite number of 
singular points, and the squares of the functions are integrable. At discontinuities a function 
has an unassigned value and two functions are regarded as identical if their values agree at all 
points of continuity. 

In this chapter he rigorously establishes the concepts of orthogonal linear subspaces, hyper- 
plane, hypersphere and hypercircles. These having been established, he considers the prob- 
lem: ‘In function-space with positive-definite metric, there are two intersecting orthogonal 
linear subspaces L’, L’’.. We want to find their point of intersection S.”’ 

In the method of the hypercircie only a finite number of points are used, some in one of the 
two linear subspaces and some in the other. In general, a limiting process is not used and the 
actual solution (i.e., the point of intersection of the two linear subspaces) is not found. Al- 
though it is not found, something is learned about its position, namely, that it is located on a 
certain hypercircle in function-space. This provides inequalities bounding the solution in a 
mean square sense (and in some cases pointwise) and if the radius of the circle is sufficiently 
small, the centre of the circle, or any point on it, is a good approximation to the unknown solu- 
tion. 

The remaining chapters on the positive definite metric are concerned with ‘‘Dirichlet-Neu- 
mann problems.” 

The general title ‘‘Dirichlet-Neumann problems” may be used to cover the following prob- 
lems: P-space is a portion of Euclidean N-space bounded by a surface B, and we seek solutions 
of the Laplace equation 


Au =0 
satisfying one or other of the following boundary conditions: 
Dirichlet problem: 
(u)p 


Neumann problem: 

(SgdB = 0), 
First mixed problem: 

(u)e, =f, (du/dn)s, =g, B= Bi + 
Second mixed problem: 


ou 
(aw 


2 
Here A is the Laplace operator A = — where x; are rectangular Cartesian coordinates 


and the suffixes take the values 1, 2 with summation understood for repeated suffixes. 
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f, zg, a, 8 are given on B. It is clear that the second mixed problem includes the first as a 
particular case (put a = 1,8 = 0on By, a = 0,8 = 1 on B2), and that the first mixed problem 
contains the Dirichlet and Neumann problems as particular cases. 

In Chapter 3 “The Dirichlet problem for a finite domain in the Euclidean Plane,’’ Synge 
devotes his attention to applying the hypercircle method (using a considerable amount of 
arithmetical detail) to the Dirichlet problem in the plane. 

He first establishes in notation suitable for the hypercircle method the classic relation ‘The 
integral of the square of the gradient of the solution of the Dirichlet problem is less than the 
integral of the square of the gradient of any other function which satisfies the boundary condi- 
tion’ (compare O. D. Kellogg, ‘‘Foundations of Potential Theory,” p. 279). 

By locating the solution of a Dirichlet problem on a hypercircle, Synge succeeds in bounding 
the gradient of the solution in a mean-square sense. He then proceeds to bound the solution 
and its derivatives at a point. This pointwise bounding starts only after the solution has been 
located on a hypercircle. He illustrates the details with the example of a deformed tubular 
condenser. 

He next introduces the concepts of pyramid functions and pyramid F-vectors. Consider a 
plane polygon with a point A inside it. Now raise the point A out of the plane of the polygon, 
the displacement (of length h) to the new position A’ being perpendicular to the plane of the 
polygon. Join A’ to the corners and sides of the polygon. This creates a pyramid, having A’ 
for vertex and the polygon for base. 

Let x; be rectangular Cartesian coordinates in the plane of the polygon, and let x; = a; at A. 
Let ¢(x1, x2) be the height of the point on the surface of the pyramid directly above the point 
x; in the plane. It is an easy function to think about geometrically, for the pyramid is a three- 
dimensional graph of the function ¢(x;, x2). We write ¢ = 0 for points outside the polygon. 

The following facts are obvious: 


(i) ¢(2x,, x2) is a continuous function in the whole plane. 
(ii) t = 0 on and outside the polygonal boundary. 
(iit) t = h when x; = aj. 
(iv) The partial derivatives ¢,; are zero outside the polygon and have constant values in each 
of the triangles formed by joining A to the corners of the polygon. 
(v) tis of the form 
t(x1, X2) = hr(x1, X2), 


where 7 is independent of h, depending only on the geometry of the polygon and the position of 
A inside it. 


We call ¢(x:, x2) a pyramid function. ¢ is a function of position in the plane of the polygon 
and /,; a vecter field in that plane. 

Suppose that we are dealing with a Dirichlet problem for P-space V, a region bounded by a 
curve B; V may be simply or multiply connected. Let us draw a polygon lying entirely in 
V + Band generate in it a pyramid function ¢(x:, x2). Then ?¢,; corresponds to a homogeneous 
associated F-vector J’. Such an F-vector is called a pyramid F-vector of the first class. Other 
F-vectors are defined, namely F-vectors of the second class, strip F-vectors, hexagonal pyramid 
F-vectors of the first and second classes and square pyramid F-vectors. 

The important fact which makes pyramid F-vectors useful is the following: Given any func- 
tion u, continuous and with continuous partial derivatives in a region V bounded by a curve B, 
we can approximate as closely as we like to both wu and its partial derivatives u,; by a linear 
combination of pyramid functions. 

Synge applies these concepts with considerable attention to numerical details to the examples 
of an hexagonal condenser and a square condenser. 

Chapter 4 is ‘‘The Torsion Problem."’ The problem of the twisting or torsion of an elastic 
cylinder is a classic problem in the theory of elasticity (compare A. E. H. Love ‘“‘Mathematical 
Theory of Elasticity’ p. 310). For a simply connected cross-section it is mathematically identi- 
cal with other physical problems—fluid in a rotating container, viscous flow through a pipe and 
the equilibrium of an elastic membrane. 
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The torsion problem for a multiply connected section reduces to finding the intersection of 
two orthogonal linear subspaces, L’, L’’.. When the section is simply connected, the torsion 
problem is a Dirichlet problem and the pyramid F-vectors are consequently available for use. 
Synge next shows that the pyramid F-vectors may be used in the case of a multiply-connected 
section. 

The torsion problem for a beam of regular hexagonal cross-section lends itself to treatment 
by hexagonal pyramid F-vectors. Synge makes a most extended and detailed analysis of this 
problem. He concludes Chapter 4 with a similar detailed analysis for the torsion of a hollow 
square. 

Chapter 5 deals with various boundary value problems. The systematic approximation to 
the solution of a plane Dirichlet problem was based on pyramid F-vectors. In Chapter 5 
Synge shows how this idea is carried into 3-space for the Dirichlet and Neumann problems. 
He makes extended and detailed analyses of the problems of a viscous flow in a channel, of a 
membrane supported elastically, of a cube deformed by its own weight, of a beam bent by 
terminal forces, of viscous flow across a tank and a plate under pressure. 

Chapters 6 and 7 deal with the geometry of function-space with indefinite metric. These two 
chapters are general in their discussion and lack the pungent flavor of the meaty examples 
given in the chapters on geometry of function space with definite metric. Some of this later 
material on elastic and electromagnetic vibrations appears in the Proceedings of the Eighth 
Symposium on Applied Mathematics of the American Mathematical Society (Chicago, 12 
April 1956). 

Epwarp A. KNOBELAUCH 
Burroughs Corporation 
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The following books have been received for review in the JouRNAL. Lack of space 
prevents more than this listing. 


DESIGN OF CONCRETE STRUCTURES, by Leonard Church Urquhart, Charles Edward O'Rourke 
and George Winter. Sixth edition, 546 pages, diagrams, 6 X 9in. New York, McGraw- 
Hill Book Co., Inc., 1958. Price, $8.00. 

SysTEMATIC SocroLoGy, by Karl Mannheim, edited by J. S. Eros & W. A. C. Stewart. 169 
pages, 54 X 84in. New York, Philosophical Library, Inc., 1958. Price, $6.00. 

Puysics, by Henry Semat and Robert Katz. 927 pages, diagrams, 6 X 9 in. New York, 
Rinehart & Company, Inc., 1958. Price, $9.00. 

THE ENCYCLOPAEDIA OF RADIO AND TELEVISION, Technical Consultant, J. H. REYNER. 736 
pages, diagrams, 5$ X 8} in. New York, Philosophical Library, Inc., 1958. Price, 
$12.00. 

FUNDAMENTAL CONCEPTS OF INORGANIC CHEMISTRY, by Esmarch S. Gilreath. 421 pages, 
diagrams, 6 X 9 in. New York, McGraw-Hill Book Co., Inc., 1958. Price, $7.50. 

THE THEORY OF FUNCTIONS OF A REAL VARIABLE AND THE THEORY OF FouRIER’S SERIES, 
VotumE I, by E. W. Hobson. Unabridged and unaltered republication of the first 
edition, 736 pages, 54 X 8} in. New York, Dover Publications, Inc., 1957. Price, 
$3.00 (paper). 

Tue THEORY OF FUNCTIONS OF A REAL VARIABLE AND THE THEORY OF FouRIER’S SERIES, 
VotumE II, by E. W. Hobson. Unabridged and unaltered republication of the first 
edition, 780 pages, 54 X 8} in. New York, Dover Publications, Inc., 1957. Price, 
$3.00 (paper). 

FounDATIONS OF Puysics, by Robert Bruce Lindsay and Henry Margenau. Unabridged 
republication of the first edition, 542 pages, 5} X 8} in. New York, Dover Publications, 


Inc., 1957. Price, $2.45 (paper). 
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ELEMENTS OF MATHEMATICAL BroLocGy, by Alfred J. Lotka. Unabridged republication of 
the first edition, 465 pages, diagrams, 5} X 8 in. New York, Dover Publications, Inc., 
1956. Price, $2.45 (paper). 

THERMODYNAMICS, by Enrico Fermi. Unabridged and unaltered republication of the first 
edition, 160 pages, 5} X 8 in. New York, Dover Publications, Inc., 1956. Price, $1.75 
(paper). 

MATHEMATICAL FOUNDATIONS OF INFORMATION THEORY. A translation of two papers by 
A. I. Khinchin. 120 pages, 54 X 8 in. New York, Dover Publications, Inc., 1957. 
Price, $1.35 (paper). 

GasEous CONDUCTORS—THEORY AND ENGINEERING APPLICATIONS, by James Dillon Cobine. 
Unabridged republication of the first edition with corrections by the author, 606 pages, 
53 X 8in. New York, Dover Publications, Inc., 1958. Price, $2.75 (paper). 

TEACHING SCIENCE TO THE ORDINARY PupPiL, by K. Laybourn and C. H. Bailey. 415 pages, 
diagrams, 5} X 8} in. New York, Philosophical Library, 1957. Price, $10.00. 

ELectronic Hoppyists’ HANDBOOK, by Rufus P. Turner. 160 pages, diagrams, 5} X 8} in. 
New York, Gernsback Library, Inc., 1958. Price, $2.50 (paper). 

ENCYCLOPEDIA OF CHEMICAL REACTIONS, compiled by C. A. Jacobson, edited by Clifford A. 
Hampel. 479 pages, 6 X 9 in. New York, Reinhold Publishing Corp., 1958. Price, 
$12.75. 

ANALYTICAL MECHANICS FOR ENGINEERS, by Fred B. Seely, Newton E. Ensign and Paul G. 
Jones. Fifth edition, 475 pages, diagrams, 54 X 8} in. New York, John Wiley & Sons, 
Inc., 1958. Price, $7.25. 

Our NucLEeAR ADVENTURE, ITS PossIBILITIES AND PERILS, by D. G. Arnott. 170 pages, 
diagrams, 5} X 8} in. New York, Philosophical Library, 1958. Price, $6.00. 

HANDBOOK OF SUPERSONIC AERODYNAMICS, compiled and edited by the Bureau of Ordnance. 
v.p., 8 X 104 in. Washington, D. C., Government Printing Office, 1957. Price, $1.50. 

THE MEASUREMENT OF CoLour, by W. D. Wright. 263 pages, diagrams, 54 X 8$in. New 
York, The Macmillan Company, 1958. Price, $10.75. 

Ora COMMUNICATION OF TECHNICAL INFORMATION, by Robert S. Casey. 199 pages, diagrams, 
5 X 7} in. New York, Reinhold Publishing Corp., 1958. Price, $4.50. 

SPRAYING TECHNIQUES IN AGRICULTURE, Monograph 2, a symposium. 117 pages, diagrams, 
illustrations, 54 X 8} in. New York, The Macmillan Company, 1958. Price, $4.00. 
THERMODYNAMICS OF ENGINEERING SCIENCE, by S. L. Soo. 620 pages, diagrams, 6 X 9 in. 

New York, Prentice-Hall, Inc., 1958. Price, $9.50. 

EssenTIAL Business MATHEMATICS, by Llewellyn R. Snyder. Third edition, 470 pages, 
6 X 9in. New York, McGraw-Hill Book Co., Inc., 1958. Price, $5.50. 

Basic PRINCIPLES OF CHEMISTRY, by J. Rae Schenck and Raymond M. Martin. 400 pages, 
6 X9in. New York, Prentice-Hall, Inc., 1958. Price, $6.75. 

PETROLEUM REFINERY ENGINEERING, by W. L. Nelson. Fourth edition, 960 pages, diagrams, 

illustrations, 6 X 9 in. McGraw-Hill Book Co., Inc., 1958. Price, $15.00. 


Nore: The review of “The General Theory of Electrical Machines,’ by Bernard Adkins, 
which appeared on p. 355 of our April 1958 issue, listed ‘‘Price not given.” The publisher, 
John Wiley & Sons, Inc., has informed us that the price is $8.00. 
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Shift Register Transistor.—A ‘‘sig- 
nificant breakthrough” in research 
that may lead to major reduction 
in the size and complexity of com- 
puters, remote control equipment, and 
other large electronic systems was 
announced recently by Dr. Irving 
Wolff, Vice President, Research, of 
RCA Laboratories. 

The advance has been achieved in 
research aimed at developing a new 
class of ultra-miniature “integrated” 
electronic devices that will combine 
many different functions in a few 
small components, according to Dr. 
Wolff. 

“A long forward step has now been 
taken with an experimental shift 
register transistor under development 
by Dr. J. T. Wallmark, of the RCA 
Laboratories technical staff at the 
David Sarnoff Research Center,” he 
said. 

“This laboratory device, only half 
an inch long and only four-thou- 
sandths of an inch thick, is expected 
with further development to perform 
in one application functions that now 
require a circuit arrangement of 
twenty transistors, forty resistors, and 
twenty capacitors. The replacement 
of transistors by a single ultramini- 
ature device is striking enough, but 
an even greater achievement is the 
replacement of capacitors and resistors 
by this integrated device. In this 
respect, it embodies an entirely new 
concept in electronic technology.”’ 

Dr. Wolff stated that laboratory 
operation of the shift register tran- 
sistor has now shown the feasibility of 
integrating not only the tube and 
transistor components which are the 
active elements in a circuit, but the 


capacitors and resistors—the passive 
elements—as well. 

“With the principle successfully 
established, the way is open to the 
development not only of an integrated 
shift register transistor, but of an en- 
tire class of integrated devices incor- 
porating new standards of miniaturi- 
zation, economy, and reliability,”’ he 
said. 

“Until now, our efforts to cope with 
the growing size and complexity of 
computers and other major electronic 
systems have been concentrated on 
miniaturizing and simplifying stand- 
ard components. At the same time, 
however, the total number of compo- 
nents has steadily increased, raising 
new problems of complexity and reli- 
ability. This principle of integrating 
many functions into a single small 
component should enable us to reverse 
this trend and to progress toward the 
development of more economical, 
versatile, and reliable systems of all 
types.”’ 

Dr. Wallmark described the func- 
tion of a shift register as the short- 
term storage of a multiple-digit num- 
ber or similar information, for subse- 
quent transfer, intact, at the right 
moment in the computing process. 
In this way, the information can be 
related to other data originating else- 
where in the system at a different 
time, or delayed for delivery at the 
output as it is needed. In present 
systems, according to Dr. Wallmark, 
this function is performed by complex 
shift register circuits employing up to 
20 electron tubes or transistors with 
their accompanying capacitors and 
resistors. 

Dr. Wallmark gave this description 
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of one way in which a shift register 
transistor may be used: 

The ten transistor-like elements on 
the single small strip of germanium 
function as ten separate two-way 
switches connected in series. Each 
of these elements can receive and hold 
a single bit of information in the form 
of a strong ora weak current, corre- 
sponding in computer language to “‘0”’ 
or ‘1’. The series of ten permits 
storage of a ten-digit number made 
up of various combinations of these 
two symbols. 

The bits of information are fed into 
the device one by one at high speed 
at one end, and are shifted from one 
element to the next, in order, by elec- 
trical ‘shift pulses’’ passed through 
the germanium. When the ‘shift 
pulses”’ are stopped, each bit of infor- 
mation will remain in one of the tran- 
sistor-like elements. When the pulses 
are re-started, each bit shifts from one 
element to the next until the pulses 
are again stopped. When the bits 
reach the final element, they are “read 
out”’ in the same order in which they 
were fed in at the start. In this way, 
the information is kept intact, and yet 
its passage is delayed as long as 
necessary. 

“Such a device represents integra- 
tion not only of ten different positions 
now requiring two transistors each, 
but also of the circuits associated with 
these different positions,’ said Dr. 
Wallmark. 


“Auto-Abstract."—An_ electronic 
machine that will read a magazine 
article and then write an abstract of 
it was disclosed at the national IRE 
convention recently. The system, 
called ‘‘Auto-Abstract,”’ will be partic- 
ularly helpful in scanning and ex- 
cerpting scientific papers and foreign 
language articles. 

H. P. Luhn of the IBM Corporation 
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told an audience of engineers at the 
Convention that the complete text of 
an article is first transcribed onto mag- 
netic or punched tape in a code that 
can be understood by an electronic 
data processing machine, such as the 
IBM 704 computer. The machine 
then analyzes the text word by word 
to derive statistical information con- 
cerning the frequency and distribution 
of the words in the text. 

From this, the machine determines 
the relative degree of significance of 
the words and then grades each sen- 
tence as to its importance. Sentences 
scoring highest in significance are 
automatically extracted from the text 
and printed out by the machine to 
form the ‘‘Auto-Abstract.” 

In addition to creating abstracts, 
the system can be used to condense 
lengthy reports. 

Abstracting is an important activity 
in scientific circles, requiring the serv- 
ices of technically skilled people. 
The Auto-Abstract system offers the 
possibility of relieving these people 
of the chore so that they may devote 
more of their time to scientific work. 

The system also promises to expe- 
dite the translation of foreign scientific 
articles by producing foreign language 
abstracts of the original paper. A 
person then only has to translate the 
abstract rather than the full paper to 
find out what is in it, and the transla- 
tion of full articles can be limited just 
to those that are found to be especially 
important. 


Control of Fusion through Elec- 
tronics.—Controlled thermonuclear fu- 
sion, in which electronic techniques 
play a key role, may some day pro- 
vide electric power from plants pro- 
ducing one million or more kilowatts 
from only half a pound of fuel a day, 
a scientist of the Radio Corporation 
of America predicted in a talk before 
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IRE annual convention. E. W. Her- 
old, Director of the Electronic Re- 
search Laboratory, RCA Labora- 
tories, said that the major obstacles to 
fusion control may be overcome in the 
laboratory within five to ten years, 
leading to “practical utilization” after 
several more decades. Then, with 
power so cheap and plentiful, he added, 
“we may speculate upon completely 
new methods of transmission.”’ 

“Since the cost, size and weight of 
the fuel are all negligible, the economic 
factors favor very large installations, 
perhaps exceeding the largest now 
known for electric power,” said Mr. 
Herold. ‘“The major cost of useful 
power will be the transmission system ; 
much will have to be done by the 
electrical engineering profession to 
improve wire-line transmission. 

“In addition, the era of fusion power 
may make this power so cheap and 
plentiful that we can afford to explore 
completely new transmission methods, 


perhaps using induction fields over 
short distances, or electro-magnetic 


radiation over longer distances. This 
day, should it come, may see our earth 
less dependent on the sun, whose in- 
efficient but powerful radiant trans- 
mission system has been serving us so 
well for the past billion years.” 
Discussing the fusion process, Mr. 
Herold explained that the major ob- 
jective in the production of power is 
to create extremely high temperatures 
in which nuclei of heavy hydrogen are 
forced together to form helium-4, 
releasing large amounts of energy. 
He pointed out that the particles must 
then be held together long enough and 
in a fixed volume so that they can 
react to produce a steady flow of 
energy. Methods under investiga- 
tion, according to Mr. Herold, involve 
confining heavy hydrogen gas in a 
strong magnetic field and raising the 
gas to temperatures of 100,000,000 
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degrees or more by application of high- 
power induction heating. 

“Evidently, a fusion reactor is what 
physicists have called an electrodeless 
gas discharge, and the ignition process 
is most conveniently performed by 
electric induction or such 
means,” he said. ‘‘It is these factors 
which make fusion power of such 
direct interest to the radio and elec- 
tronics engineer.” 

Mr. Herold identified several fields 
in which the radio engineer and the 
electronics industry can contribute to 
the solution of the major problems for 
the future in fusion power research. 
Among these, he listed the desirability 
of ‘‘a major invention to reduce the 
power for a steady magnetic field over 
a volume of many cubic feet,’’ and 
an ignition technique that will “‘fire 
up” the gas in a short time. He 
pointed also to a need for radiation- 
resistant materials, and “ideas on the 
direct conversion of fusion power to 
electricity.” 

“Controlled thermonuclear fusion 
in gas discharges offers hope of a 
revolutionary new energy source,”’ he 
concluded. ‘‘However, major con- 
tainment and heating problems are 
an obstacle, and achieved results are 
factors of a hundred below objectives. 
It is probable that these obstacles will 
be overcome, in the laboratory, within 
5 to 10 years, but practical utilization 
may require a period of several decades 
beyond this. The radio and electron- 
ics engineer has an opportunity to 
make major contributions, possibly to 
shorten the time appreciably.”’ 


New High Temperature Alloy.—A 
new, improved high temperature alloy 
known as Carpenter Lapelloy ‘‘C’”’ has 
been developed by The Carpenter 
Steel Company, Reading, Pa., for jet 
engine parts requiring excellent duc- 
tility and good impact resistance. 
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Carpenter Lapelloy “C,”’ U. S. 
Patent No. 2,816,830, has a more 
homogeneous structure and more uni- 
form fabrication behavior and me- 
chanical properties than the conven- 
tiona! Lapelloy. It is used for highly 
stressed parts involving service tem- 
peratures up to 1200°F. Lapelloy 
“C” has greater ductility and impact 
strength at both room and elevated 
temperatures than conventional 
Lapelloy when heat treated to the 
same strength level. 

High mechanical properties can be 
developed by heat treatment. It has 
good resistance to scaling and oxida- 
tion for continuous service up to 1400° 
F. The alloy offers best corrosion 
resistance when in the hardened and 
tempered condition. It is used for 
compressor wheels, turbine shafts, 
compressor buckets, blades, and bolts. 

Type analysis of Carpenter Lapelloy 
“C” is: Carbon, 0.20—-0.25%; Manga- 


nese, 0.65-1.00%; Silicon, 0.50% 
max.; Chromium,  11.00—-12.00%; 


Nickel, 0.50% max.; Molybdenum, 
2.50-3.00% ; Copper, 1.75—2.25%, and 
Nitrogen, 0.06-0.10%. 

Lapelloy ‘“‘C”’ is made by Carpen- 
ter’s Mel-Trol process, a new quality 
control system with patented ingot 
design. Mel-Trol is used to minimize 
the causes of inconsistent centerline 
quality which so often causes erratic 
service in alloys of this type made by 
conventional methods. 

Lapelloy ‘‘C”’ is readily machinable ; 
in the annealed condition it is com- 
parable to Type 420 stainless steel. 
It is available in billets, hot-rolled and 
cold-finished bars, wire, cold-rolled 
strip, and special shapes. 


Chemical Compound Aids Resis- 
tance to Radiation Effects.—A com- 
pound which is believed capable of 
doubling man’s resistance to the effects 
of radiation has been developed at 
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government laboratories in Oak Ridge, 
Tenn. The information was revealed 
by Dr. K. C. Atwood III of Oak Ridge 
at a news conference following presen- 
tation of a paper, ‘““The Cellular Lesion 
in Radiation Injury,” at the Sympo- 
sium on Genetics in Medical Research 
at the University of Wisconsin. 

Dr. Atwood indicated that the 
compounds AET, technically called 
aminoethylthiouronium, and _ related 
substances, have been developed to 
the point where it is now ready for 
human use should the need arise, and 
can be produced in quantity. It 
must, however, be taken prior to radi- 
ation exposure. 

Dr. Atwood cautioned, “In my 
opinion, it will never be possible to 
completely obviate the effects of radi- 
ation. It may be possible to develop 
resistance to radiation dosage up to 
perhaps five times the normal toler- 
ance of a human, but that’s all. 

“A strong enough dose would pro- 
duce such a reaction in the human 
body that a complete rebuilding of 
man’s molecule system would be nec- 
essary. This is of course impossible.” 


Tracking System for Moon Radar. 
—A punch card operated steering sys- 
tem for a moon radar antenna that is 
twenty-five times more accurate than 
previous electronic systems was re- 
vealed at the recent IRE National 
Convention. 

The system, described by Olaf A. 
Guzmann, of the U. S. Army Signal 
Corps Engineering Laboratories, Fort 
Monmouth, N. J., can be applied in 
modified form for tracking other celes- 
tial bodies, including satellites. 

Naval Observatory data regarding 
the orbit of the moon is punched into 
cards and fed to a digital computer 
which then calculates where the moon 
will be at different instants with re- 
spect to the antenna. This informa- 
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tion is stored on magnetic tapes and 
fed into an analog conversion system 
which provides a continuous flow of 
positional signals that keep the an- 
tenna aimed constantly and accurately 
at the moon as it moves across the sky. 

Techniques for bouncing radar sig- 
nals off the moon, pioneered by the 
Signal Corps in 1946, have recently 
taken on added importance in radio 
communications and radio astronomy. 
Last year the Naval Research Labo- 
ratory succeeded in receiving voice 
signals that were reflected by the 
moon, opening up the possibility of 
using the moon to relay long-distance 
radio transmissions. More recently 


the same group used moon radar to 
_ measure the distance to the moon with 
an accuracy of within 1000 ft. 


New Passive Semiconductor Com- 
ponent.—A two-terminal, passive semi- 
conductor component having novel 
and highly useful characteristics and 
known as a field effect varistor, has 
been developed by R. M. Warner, Jr., 
H. A. Stone and E. I. Doucette of 
Bell Telephone Laboratories. 

This component has a constant- 
current feature which makes it ideally 
suited for a current regulator in cir- 
cuits where either the load or supply 
voltage vary over wide limits. It can 
also be used as a current limiter or 
pulse shaper. Its a-c. impedance is 
very high, making it useful as a cou- 
pling choke or an a-c. switch. 

The device, closely related in prin- 
ciple to the field effect transistor, con- 
tains a single planar junction which 
is made by diffusion. Current passes 
parallel to this junction through a con- 
stricted region called the channel. As 
the voltage across the device is in- 
creased, current increases and a deple- 
tion layer builds up which eventually 
reaches through the entire thickness 
of the channel. At this point, called 
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the “pinch-off” point, a further in- 
crease in voltage does not produce 
any increase in current. Eventually 
an avalanche breakdown occurs, as 
the voltage is increased still further. 
Between the pinch-off and breakdown 
points, the current is essentially con- 
stant, and this is the region of maxi- 
mum interest. 

At present the varistors are fabri- 
cated by cutting dice from a slice of 
germanium or silicon containing a 
single diffused junction. The dice are 
heavily plated on all surfaces, and a 
circular trench is then cut into the 
diffused layer to within about 0.1 mil 
of the junction. This cutting requires 
a high degree of precision, since the 
characteristics of the final device de- 
pend heavily on the spacing between 
the bottom of the trench and the junc- 
tion. Inexploratory work, the trench 
is first cut with an ultrasonic tool and 
finished to the desired depth by etch- 
ing. Leads are then attached by 
thermo-compression bonding or other 
convenient means. 

Characteristics of the device can be 
altered by varying such parameters as 
channel depth, impurity gradient, 
length and width of channel, and 
selection of semiconductor material. 
Using silicon, units have been fabri- 
cated with a regulated current of one 
milliampere, pinch-off voltage of 10 
volts and breakdown of 150 volts. 

Current can be held constant to 
within 1% over a voltage range of 20 
to 120 volts. Germanium units with 
a rating of 10 ma., pinch-off of 10 volts 
and breakdown of 25 volts have been 
made. It appears feasible at present 
to produce varistors which regulate 
current at any level between 10 micro- 
amperes and 10 milliamperes, and 
improvements in fabrication tech- 
niques should make higher current 
levels feasible. 

For circuit applications, a parasitic 
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shunt capacitance of the order of a few 
mmifd. is present, which must be taken 
into consideration. In the constant 
current region, the ratio of a-c. im- 
pedance to d-c. resistance is typically 
100 and may run as high as 1000, 
making it ideal as a coupling device. 
It differs from the conventional choke 
in that its a-c. impedance is constant 
over an appreciable frequency range. 


Shock Test Machine for Missile 
Components.—A shock machine spe- 
cifically designed for testing ballis- 
tic missile components, yet versa- 
tile enough for any type of shock 
testing, has been announced by Ly- 
coming Division, Avco Manufacturing 
Corporation. 

The machine was developed by the 
Research and Advanced Development 
Division of Avco, prime contractor for 
development of the re-entry vehicle 
for the Air Force Titan ICBM, and 
will be manufactured and marketed 
by Lycoming Division. It is the 
nation’s first shock machine specifi- 
cally developed to meet the rigid 
specifications of the WS-107A-2 En- 
vironmental Test Requirements—Air- 
borne Electronic Equipment. The 
machine has proved a precision instru- 
ment during extensive environmental 
laboratory testing. 

The Avco machine can produce, and 
accurately reproduce, sawtooth-wave 
shock patterns of more than 100 g’s 
over a shock response spectrum of 80 
to more than 1000 cycles per second. 
It provides a specified terminal-peak 
sawtooth pulse shape rising to 100 g’s 
in 6 milliseconds and then dropping 
abruptly to zero. It can also provide 
a variety of wave patterns including 
quarter- and half-sine wave shocks. 

From a pre-determined drop height, 
the carriage impacts against a molded 
lead pellet. By controlling the size 
and shape of these pellets, a wide 
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variety of pulse forms can be obtained. 
The pellets themselves are uniformly 
produced by a simple molding process. 

Precision operation is accomplished 
by pneumatically positioning the speci- 
men carriage and releasing it for fall 
by a solenoid-operated release mecha- 
nism. This pellet is placed on the 
impact anvil set in the 2000 pound 
concrete base of the machine. Oper- 
ator safety is insured by the built-in 
safety features of the simplified con- 
trol panel. The anvil, carriage and 
superstructure are seismically isolated 
from each other to prevent ringing. 

Avco's machine accommodates spec- 
imen weights up to 40 Ib. and a cross- 
sectional area up to 12} in. square. It 
isan ideal device for testing practically 
every item of electronic and mechani- 
cal equipment used in the most ad- 
vanced ballistic missiles and other 
equipment subject to high impact 
loads. 

Announcing the machine, Avco pro- 


totype development engineers stressed 
that the shock machine for 40-lb. 
specimens is a rugged device capable 
of generating and duplicating a wide 


variety of shock waves. Installation 
is simple with no special foundations 
required ; operations and maintenance 
are economical and the machine re- 
quires a minimum of floor area. 


Device Measures Low Radioisotope 
Concentrations.—An instrument so 
sensitive it can detect a thousandth of 
a gram of chromium-51 dissolved in 
the Columbia River has been devel- 
oped by General Electric Company 
scientists at the Hanford atomic plant. 

Developed to measure extremely 
small amounts of radioactive elements 
in the Columbia, the device is capable 
of measuring lower radioisotope con- 
centrations than those occurring natu- 
rally in common foods such as meat, 
milk and vegetables. 
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The electronic wizard identifies and 
provides information for calculating 
the concentrations of 11 different iso- 
topes in a sample by means of an 
energy analysis of the sample’s gamma 
rays. 

To do this the instrument uses 
gamma ray and coincidence gamma- 
ray spectrometry—relatively new tools 
of atomic scientists for detecting radi- 
ation and for identifying and meas- 
uring each contributing radioisotope. 

In a few ounces of water the instru- 
ment has identified and measured by 
means of their radiations, minute 
quantities of sodium-24, manganese- 
56, copper-64, arsenic-76, chromium- 
51, neptunium-239, zinc-65, scandium 
-46, barium-140, cobalt-69 and man- 
ganese-54. 

Before the development of this new 
Hanford instrument, such quantita- 
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tive measurement was _ impossible 
without chemical separation, a tedi- 
ous, involved process. 

The instrument, developed in Gen- 
eral Electric’s Hanford laboratories, 
consists of a probe containing a sample 
of river water, boiled until only its 
dissolved solids remain. 

This probe is placed inside a heavily 
shielded safe-like cell which reduces 
the interference from the “natural 
background”’ radiation. 

Information gained by the probe— 
an activated sodium iodide crystal and 
a multiplier phototube sealed in an 
aluminum can—is relayed to a rack of 
instruments where this information is 
analyzed. 

Mr. R. W. Perkins, a General Elec- 
tric chemist at the Hanford plant, per- 
formed the analytical development 
work on the new instrument. 


has been partially self-supporting. 


DO YOU KNOW OF THE FRANKLIN INSTITUTE’S 
NEED FOR GIFTS? 


Since 1824 The Franklin Institute, through wise and conservative management, 


As an old institution, established in the public interest, The Franklin Institute 


has tried to earn most of its cost by diligent and productive work. Like many 
other institutions of a non-profit nature, The Institute has, in these years of an 
expanding economy and rising spiral of costs, found it increasingly difficult to perform 
the broad educational services of which the growing nation and territories are ever 
in need. 
Despite an erroneous public impression gained, perhaps, by the excellence and 
wide range of services performed, that it is a wealthy, richly endowed organization, 
The Institute always needs funds. 

There is a warm satisfaction in giving financial support to an organization that 
will use it constructively to help advance and improve our type of civilization. 

Your gift or bequest, large or small, will be deeply appreciated. We shall be 
pleased to give any additional information regarding gifts or memorials. 

Where property is transferred, title should be in the name of The Franklin 
Institute of the State of Pennsylvania for the Promotion of the Mechanic Arts. 

Please write to: The Secretary, The Franklin Institute, Benjamin Franklin 
Parkway at Twentieth Street, Philadelphia 3, Pennsylvania. 
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Air conditioning. Novel method of manu- 
facturing high pressure air ducts, 77(C) 

Aircraft. Emergency rescue container, 
472(C) 

Ground tests of Piasecki 59K VTOL, 
434(C) 

Liquid brake system for aircraft, 435(C) 
Ramjet supersonic ‘flight tests,’’ 164(C) 
Alloys. New high temperature alloy, 523(C) 
Amplifiers. Range of radio telescopes ex- 

tended by new amplifier, 83(C) 
Analysis. Elastic-plastic analysis of scabbing 
in materials (Kumar and Davids), 371 
Functional characteristics of a node deter- 
minant (Bonner, Kosowsky and Ordung), 
395 
Some aspects of the network analysis of 
sequence transducers (Simon), 439 

Anesthetics. Non-depressant anesthetic, 
492(C) 

Anisotropic materials. Modified Tresca’s 
yield condition and associated flow rules 
for anisotropic materials and applications 
(Hu), 187 

Annual Report of the Board of Managers for 
the year 1957, 227 

Antioxidants. Thermal antioxidants for 
polyethylene, 357(C) 
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Applied mechanics. Normal perforation of a 
thin plate by truncated projectiles (Paul 
and Zaid), 317 
Astronautics. Gravitational torque on a 
satellite vehicle (Roberson), 13 
Satellites followed with transparent earth- 
sky globe, 82(C) 
Astronomy. Giant radio telescope, 302(C) 
Range of radio telescopes extended by new 
amplifier, 83(C) 
Atomic energy. Safe atoms (McCullough), 
281 
Automation. Automatic post office, 482(C) 
Electronics to start revolution in office, 
437(C) 
Novel method of manufacturing high pres- 
sure air ducts, 77(C) 
Axial loading. Elastic materials under axial 
loading (Procter), 125 


Bailey, James. Longstreth Medal, 52 

Ballantine Medal. Harald Trip Friis, 494 

Ballistics. Normal perforation of a thin plate 
by truncated projectiles (Paul and Zaid), 
317 

Bartol Research Foundation 

Direct observation of periodic variation of 

primary cosmic-ray intensity (Pomer- 
antz, Agarwal and Potnis), 67 

Beams. Behavior of the node of an elastic 
beam during stationary vibration (Higu- 
chi and linuma), 309 

Bending. Bending and vibration of elasti- 
cally restrained circular plates (Kan- 
tham), 483 


| 
a 
q 
i 
| 
= | 


June, 1958.] 


Biochemical Research Foundation 
The anti-tumor activities in vitro of 5-imino- 
1,2,4-dithiazolidin-3-thione and_bis(di- 
ethylthiocarbamoy])disulfide toward the 
Krebs-2 ascites carcinoma (Reinhart, de 
Courcy and Batt), 58 
Charge and specific ion effects on sedimen- 
tation in the ultracentrifuge (seminar) 
(Pedersen), 503 
Colorimetric estimation of D-glucose and 
2-deoxy-p-glucose with glucose oxidase 
(McComb and Yushok), 417 
Blood pressure. Electronics probes human 
heart, 492(C) 
Book reviews 
Adkins, Bernard: The general theory of 
electrical machines, 355 
Alger, Philip L.: Mathematics for science 
and engineering, 156 
Allardice, Corbin: Atomic power, 347 
Argyle, Michael: The scientific study of 
social behavior, 426 
Asboe-Hansen, G.: Connective tissue in 
health and disease, 69 
Astbury, N. F.: Introduction to electrical 
applied physics, 269 
Atack, R. W., ed.: Handbook of chemical 
data, 74 
Atkin, R. H.: Mathematics and wave me- 
chanics, 161 
Bagnall, K. W.: Chemistry of the rare 
radioelements, 349 
Barnes, Ralph M.: Work sampling, 156 
Bassham, J. A. and M. Calvin: The path of 
carbon in photosynthesis, 514 
Batchelor, G. K., ed.: G. I. Taylor scientific 
papers, Vol. one. Mechanics of solids, 
428 
Bates, Ralph S.: Scientific societies in the 
United States, 429 
Becher, Paul: Emulsions—theory and prac- 
tice, 515 
Beckerley, J. G., ed.: Annual review of 
nuclear science, Vol. 7, 514 
Behavior of metals at elevated tempera- 
tures, 267 
Bellman, Richard: Dynamic programming, 
157 
Benedict, Manson and Thomas H. Pigford: 
Nuclear chemical engineering, 69 
Birr, Kendall: Pioneering in industrial re- 
search, 161 
Bonilla, Charles F.: Nuclear engineering, 72 
Boundary layer effects in aerodynamics, 345 
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Book reviews (cont.) 


Boursnell, J. C.: Safety techniques for 
radioactive tracers, 428 

Brey, Wallace S., Jr.: Principles of physical 
chemistry, 515 

Brown, J. Douglas and Frederick Harbison : 
High-talent manpower and industry, 273 

Brown, R. Hunt: Office automation appli- 
cations, 430 

Buckingham, H. and E. M. Price: Princi- 
ples of electrical measurements, 162 

Buckles, Robert A.: Ideas, inventions and 
patents, 161 

Burgess, Eric: Satellites and spaceflight, 509 

Burstein, Herman and Henry C. Pollak: 
Elements of tape recorder circuits, 274 

Butler, S. T.: Nuclear stripping reactions, 
271 

Butzko, Robert L.: Plastic sheet forming, 
430 

Canning, Richard G.: Installing electronic 
data processing systems, 160 

Cason, James, ed.: Organic syntheses, Vol. 
37, 74 

Celebonovic, Stevan and Geoffrey Grigson : 
Old stone age, 162 

Church, A. H.: Mechanical vibrations, 424 

Clarke, R. J.: Process engineering in the 
food industries, 355 

Cohen, E. R., K. M. Crowe and J. W. M. 
DuMond: The fundamental constants of 
physics, 424 

Collier, Charles H., ed.: Catalysis in prac- 
tice, 273 

Dannatt, Trevor, ed.: Architects’ year 
book, 430 

Dick, William E.: Atomic energy in agri- 
culture, 274 

Dienes, G. J. and G. H. Vineyard: Radia- 
tion effects in solids, 268 

Dombrow, Bernard A.: Polyurethanes, 430 

Dresher, M., A. W. Tucker and P. Wolfe, 
ed.: Contributions to the theory of 
games, 353 

Edmonds, A. R.: Angular momentum in 
quantum mechanics, 153 

Emmett, Paul H., ed.: Catalysis, Vol. 5, 271 

Feller, William: An introduction to proba- 
bility theory and its applications, 73 

Field, F. H. and J. L. Franklin: Electron 
impact phenomena, 350 

Fisher, Harry L.: Chemistry of natural and 
synthetic rubbers, 159 

Floyd, Donald E.: Polyamide resins, 428 


| 
{ 
} 
t 
| 
2 
| 
: 


530 


Book reviews (cont.) 
The focal encyclopedia of photography, 74 
Fox, L.: The numerical solution of two- 

point boundary problems in ordinary dif- 
ferential equations, 269 
Frankel, Jacob Porter: Principles of the 
properties of materials, 73 
Fraser, Ronald: Once round the sun, 513 
Frisch, O. R., ed.: Progress in nuclear phys- 
ics, Vol. 6, 423 
Gibson, Alan F. et al, ed.: Progress in semi- 
conductors, Vol. II, 509 
Goldring, Mary S.: Economics of atomic 
energy, 274 
Guillemin, Ernst A.: Synthesis of passive 
networks, 71 
Halnan, K. E.: Atomic energy in medicine, 
274 
Hamann, S. D.: Physico-chemical effects of 
pressure, 512 
Heller, Sol: TV and radio tube troubles, 356 
High-speed photography, Vol. 6, 430 
Hughes, Donald J.: On nuclear energy, 427 
Neutron cross sections, 158 
Hutchinson, F. W.: Thermodynamics of 
heat-power systems, 345 
Jackson, M. L.: Soil chemical analysis, 356 
Jefferson, Sidney: Radioisotopes. A new 
tool for industry, 429 
Jones, D. D. and R. A. Hilbourne: Trans- 
istor a. f. amplifiers, 75 
Kays, John M.: Basic animal husbandry, 
273 
Kinney, J. Sterling: Indeterminate struc- 
tural analysis, 274 

Korol, Alexander G.: Soviet education for 
science and technology, 161 

Kresser, Theodore C.: Polyethylene, 158 

Kretzmann, R.: Industrial electronics cir- 

cuits, 273 
Industrial electronics handbook, 273 

Kunz, Kaiser S.: Numerical analysis, 425 

Lacey, William N. and Bruce H. Sage: 
Thermodynamics of one-component sys- 
tems, 511 

Lee, Henry and Kris Neville: Epoxy resins, 
70 

Llewellyn-Jones, F.: Ionization and break- 
down in gases, 74 

Lucas, G. and J. F. Pollock: Gas turbine 
materials, 429 

Mandl, F.: Quantum mechanics, 73 

Mason, B. J. T.: The physics of clouds, 430 


Supyect INDEX 


Foi 


Book reviews (cont.) 
McLean, D.: Grain boundaries in metals, 
352 
Mellan, Ibert: Source book of industrial 
solvents. Vol. 2; halogenated hydro- 
carbons, 271 
Milne, Lorus and Margery Milne: The bi- 
otic world and man, 429 
Missenard, Andre: In search of man, 162 
Moelwyn-Hughes, E. A.: Physical chem- 
istry, 348 
Moore, Patrick: The planet Venus, 159 
Morrill, Bernard: Mechanical vibrations, 
350 
Morse, Philip M.: Queues, inventories and 
maintenance, 510 
New frontiers of knowledge, 162 
Newton, G. C., Jr., L. A. Gould and J. F. 
Kaiser: Analytical design of linear feed- 
back controls, 155 
Nuclear metallurgy (Vol. IV). 
sium on uranium dioxide, 274 
Oparin, A. I.: The origin of life on the earth, 
425 
Oswatitsch, Klaus: Gas dynamics, 75 
Riddle, Robert L. and Marlin P. Risten- 
batt: Transistor physics and circuits, 510 
Rostoker, William: The metallurgy of vana- 
dium, 513 
Rowland, John: Mysteries of science, 158 
Rudnick, Dorothea, ed.: Rhythmic and 
synthetic processes in growth, 267 
Savant, C. J., Jr.: Basic feedback control 
system design, 512 
Sax, N. Irving: Dangerous properties of in- 
dustrial materials, 73 
Schroeder, W.: Practical astronomy, 71 
Schubert, H. R.: History of the British iron 
and steel industry, 355 
Science for all, 428 
Seitz, Frederick and David Turnbull, ed.: 
Solid state physics, Vol. IV: advances 
in research and applications, 70 
Solid state physics, advances in research 
and application, Vol. 5, 423 
Shanley, F. R.: Strength of materials, 270 
Simonds, Herbert R.: Concise guide to 
plastics, 73 
Sixth symposium (international) on com- 
bustion, 266 
Slurzberg, Morris, William Osterheld and 
Elmo Voegtlin: Essentials of television, 74 
Souther, James W.: Technical report writ- 
ing, 161 
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Book reviews (cont.) 
Speel, Henry C. and E. W. K. Schwarz, ed. : 
Textile chemicals and auxiliaries, 426 
Steinman, David B.and Sara Ruth Watson: 
Bridges and their builders, 355 
Strickler, Allen: How to make a telescope, 
353 
Strutt, M. J. O.: Elektronenréhren, 155 
Susskind, Alfred K.: Notes on analog-digi- 
tal conversion techniques, 154 
Synge, J. L.: The hypercircle in mathemat- 
ical physics, 516 
Tall, Joel: Techniques of magnetic record- 
ing, 429 
Taton, R.: Reason and chance in scientific 
discovery, 162 
U.S. Atomic Energy Commission: Progress 
in peaceful uses of atomic energy, 428 
Vogel, Arthur I.: Elementary practical or- 
ganic chemistry, Part II, qualitative or- 
ganic analysis, 161 
Waldo, Willis H.: Better report writing, 356 
Watson, G. O.: Marine electrical practice, 
74 
Wiener, P. P. and Aaron Noland, ed. : Roots 
of scientific thought: a cultural perspec- 
tive, 351 
Younger, John E. : Advanced dynamics, 430 
Boot, H. A. H. Wetherill Medal, 409 
Boron rocket fuels, 436(C) 
Brake systems. Liquid brake system for air- 
craft, 435(C) 
Building blocks. Packaged circuits for com- 
puter design, 166(C) 
Bursting pressures and safety factors for thin- 
walled vessels (Weil), 97 


Cc 


Calculators. Radar calculator, 316(C) 

Cameras. Antique cameras wanted, 77(C) 

Capacitors. Subminiature electrolytics, 278 
(C) 

Catalysis. ‘Cold’’ fusion of hydrogen nuclei, 
276(C) 

Cathodes. The nature of the photosensitiv- 
ity of Geiger counters (Albrecht and 
Mandeville), 473 

Cell chemistry. Direct ultramicrospectrog- 
raphy, 432(C) 

Cellophane wrapper for meats, 358(C) 

Central High School. The Franklin Institute 
and Central High School in their early 
days (Hepburn), 43 
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Cesium. Radioactive waste recovery, 482 
(C) 
Chain drives. Polygonal action in chain 
drives (Mahalingam), 23 
Circuits. New passive semiconductor com- 
ponent, 525(C) 
Unstable linear systems and the minimum 
phase condition (Pfeiffer), 291 
Circular plates. Bending and vibration of 
elastically restrained circular plates 
(Kantham), 483 
Modified Tresca’s yield condition and as- 
sociated flow rules for anisotropic mate- 
rials and applications (Hu), 187 
Clark Medal. Frederic O. Hess, 494 
“Cold” fusion of hydrogen nuclei, 276(C) 
Coleman Lecture. Research—foundation of 
steel’s progress today (Austin), 385 
Color code. Color standards for panel tub- 
ing, 436(C) 
Color projection. New color projection tech- 
nique, 498(C) 
Committee on Science and the Arts 
Abstracts of meetings: December 11, 1957, 
52; February 12, 1958, 338; March 12, 
1958, 338; April 9, 1958, 409; May 14, 
1958, 494 
Awards (See Ballantine Medal, Clark 
Medal, Cresson Medal, Franklin Medal, 
Longstreth Medal and Wetherill Medal 
in main index for names of recipients. 
Individuals are listed alphabetically in 
main index, followed by name of medal, 
with page reference to the respective 
citation) 
Communications. Experiments in television 
over telephone cable facilities (Kraus), 1 
Signals bounced from meteor trails, 76(C) 
Compasses. Improved sun compass, 336(C) 
Computers. Device reads handwritten nu- 
merals, 168(C) 
Packaged circuits for computer design, 166 
(C) 
Shift register transistor, 521(C) 
The twistor—a new magnetic memory con- 
cept, 165(C) 
Conduction. A vacuum furnace for electrical 
conduction studies up to 2000° (Danforth 
and Bleecher), 303 
Constants. New physical constants from di- 
mensional analysis (Gresky), 85 
Contamination. Detection of radioactive 
contamination, 357(C) 


iq 
 bi- 
i 
4 
>m- q 
ns, 
nd 
F. 
d- 
i 
h, 
l- 
0 
d 
1 
= 


532 


Control systems. 
ships, 472(C) 
Unstable linear systems and the minimum 
phase condition (Pfeiffer), 291 
Converters. Heat-to-electricity converter, 
279(C) 
Corrosion. Corrosion indicator developed for 
Air Force, 163(C) 
Cresson Medal. Joseph C. Patrick, 494 
Stephen P. Timoshenko, 338 
Cresson Medal Fund report, 145 
Crystallography. “Icebox” used in metal- 
lurgical studies, 360(C) 
Transparent magnetic oxides, 144(C) 


D 


Data processing. ‘Auto-Abstract,’’ 522(C) 
Device reads handwritten numerals, 168(C) 
Electronics to start revolution in office, 437 

(C) 

Deflection. Bending and vibration of elasti- 
cally restrained circular plates (Kan- 
tham), 483 

Determinants. Functional characteristics of 
a node determinant (Bonner, Kosowsky 
and Ordung), 395 

Diatomic molecules. On the _ relativistic 
doublets of spectral lines (Penfield and 
Zatzkis), 117 

Dimensional analysis. New physical constants 
from dimensional analysis (Gresky), 85 

Distribution. Properties of the exponential 
distribution of exponential populations 
(Copeland and DeLany), 451 

Doppler frequency. The characteristics of an 
electromagnetic wave reflected from a 
moving object (Cole), 463 

Douglas, Donald Wills. Franklin Medal, 409 

Dynamic loading. Polygonal action in chain 
drives (Mahalingam), 23 

Dynamics. Normal perforation of a thin 
plate by truncated projectiles (Paul and 
Zaid), 317 


Earth satellites. Beyond the air age (Me- 

daris), 363 

Do-it-yourself satellite pathfinder, 416(C) 

Gravitational torque on a satellite vehicle 
(Roberson), 13 

Radars used to track satellite launching, 
336(C) 

Satellites followed with transparent earth- 
sky globe, 82(C) 
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Education. The Franklin Institute and Cen- 
tral High School in their early days 
(Hepburn), 43 

Elasticity. Behavior of the node of an elastic 
beam during stationary vibration (Higu- 
chi and linuma), 309 
Elastic materials under axial loading (Proc- 
ter), 125 

Electrical conduction. A vacuum furnace for 

electrical conduction studies up to 2000° 
(Danforth and Bleecher), 303 

Electrical engineering. A survey of the use 
of non-Euclidean geometry in electrical 
engineering (Bolinder), 169 

Electrolytics. Subminiature electrolytics, 
278(C) 

Electromagnetism. The characteristics of an 
electromagnetic wave reflected from a 
moving object (Cole), 463 

High precision vernier resolver, 80(C) 
New physical constants from dimensional 
analysis (Gresky), 85 

Electron tubes. “Shirt button” electron 
tube, 384(C) 

Electronics. ‘‘Auto-Abstract,’’ 522(C) 

Automatic post office, 482 (C) 
Control of fusion through electronics, 522 
(C) 
Device measures low radioisotope concen- 
tration, 527(C) 
Electronic vehicle control for traffic acci- 
dent problem, 226(C) 
Electronics probes human heart, 492(C) 
Electronics to start revolution in office, 437 
(C) 
Heat-to-electricity converter, 279(C) 
New packaging, 83(C) 
Radar calculator, 316(C) 
Radar system for tracking and forecasting 
local weather disturbances, 163(C) 
Radars used to track satellite launching, 
336(C) 
Shift register transistor, 521(C) 
X-ray viewer demonstrated at medical 
meeting, 96(C) 

Electrorefining. New process for the electro- 
refining of nickel, 433(C) 

Energy levels. On the relativistic doublets 
of spectral lines (Penfield and Zatzkis), 
117 

Engines. Gas-turbine engine for ships, 472 
(C) 

European Productivity Agency. Visit of 

European scientists and engineers, 56 
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Exponential populations. Properties of the 
exponential distribution of exponential 
populations (Copeland and DeLany), 451 


F 


Feedback. Some aspects of the network anal- 

ysis of sequence transducers (Simon), 439 
Unstable linear systems and the minimum 

phase condition (Pfeiffer), 291 

Ferrimagnetism. Transparent magnetic ox- 
ides, 144(C) 

Film. New tensilized polyester film for mag- 
netic tape, 434(C) 

Fluid flow. Heat transfer in turbulent pipe 
flow (Hunziker), 205 

Fluorescent lighting. High-frequency fluo- 
rescent street lighting, 79(C) 


Foods. Cellophane wrapper for meats, 358 
(C) 
Fracture. Elastic-plastic analysis of scab- 


bing in materials (Kumar and Davids), 
371 
The Franklin Institute 

Annual Report of the Board of Managers 
for the year 1957, 227 

Bartol Research Foundation (See Bartol 
Research Foundation in main index for 
list of titles; authors are listed in Author 
Index) 

Biochemical Research Foundation (See Bio- 
chemical Research Foundation in main 
index for list of titles; authors are listed 
in the Author Index) 

Coleman lecture. Research—foundation of 
steel’s progress today (Austin), 385 

Committee on Science and the Arts (See 
Committee on Science and the Arts in 
main index) 

The Franklin Institute and Central High 
School in their early days (Hepburn), 43 

The Franklin Institute Laboratories for Re- 
search and Development (See Franklin 
Institute Laboratories in main index for 
list of titles; authors are listed in Author 
Index) 

Journal of The Franklin Institute (See 
Journal of The Franklin Institute in main 
index) 

Library (See Library of The Franklin In- 
stitute in main index) 

Meetings (See Meetings of The Franklin 
Institute in main index) 

Membership (See Members of The Franklin 
Institute in main index) 


Susyect INDEX 


533 


The Franklin Institute (cont.) 

Museum (See Museum Notes in main 
index) 

Visit of European scientists and engineers, 
56 

Franklin Institute Laboratories 

Air pollution lab reports from Los Angeles 
(Stephens and Doerr), 148 

The ‘‘decoration”’ of dislocations in a-brass 
(Sun and Wilsdorf), 413 

Designing hydrostatic bearings for mini- 
mum pump power consumption (Loeb 
and Rippel), 342 

Ferromagnetic multi-domain 
(Amar), 65 

Scientific problems solved through Univac, 
255 

The study of explosions by flash absorption 
spectroscopy (Taylor), 501 

Franklin Medal. Donald Wills Douglas, 409 

Freezing. ‘Icebox’ used in metallurgical 
studies, 360(C) 

Friis, Harald Trip. Ballantine Medal, 494 

Fuels. Boron rocket fuels, 436(C) 

Fusion. Allis-Chalmers and RCA form new 
engineering group to build stellarator for 
thermonuclear research, 277 (C) 

“Cold” fusion of hydrogen nuclei, 276(C) 
Control of fusion through electronics, 522 


(C) 


particles 


G 


Gas-turbine engine for ships, 472(C) 

Geiger counters. The nature of the photo- 
sensitivity of Geiger counters (Albrecht 
and Mandeville), 473 

Graphical methods. A survey of the use of 
non-Euclidean geonetry in electrical en- 
gineering (Bolinder), 169 

Gravimeter. Gravity measurements in the 
open sea, 166(C) 

Gravitational torque on a satellite vehicle 
(Roberson), 13 


H 


Harmonic oscillators. On the relativistic 
doublets of spectral lines (Penfield and 
Zatzkis), 117 

Heat-to-electricity converter, 279(C) 

Heat transfer. Heat transfer in turbulent 
pipe flow (Hunziker), 205 

Helicopters. Ground tests of Piasecki 59K 
VTOL, 434(C) 

Hess, Frederic O. Clark Medal, 494 


en- 
LYS 4 
tic q 
or q 
q 
se 
al 
3, 
n a 


534 


High temperature. A vacuum furnace for 
electrical conduction studies up to 2000° 
(Danforth and Bleecher), 303 

Highways. Electronic vehicle control for 
traffic accident problem, 226(C) 

History. The Franklin Institute and Central 
High School in their early days (Hep- 
burn), 43 

Hydrogen. “Cold” fusion of hydrogen nu- 
clei, 276(C) 


I 


Impact. Elastic materials under axial load- 
ing (Procter), 125 
Normal perforation of a thin plate by trun- 
cated projectiles (Paul and Zaid), 317 
Impedance. A survey of the use of non- 
Euclidean geometry in electrical engineer- 
ing (Bolinder), 169 
Industrial television. Experiments in tele- 
vision over telephone cable facilities 
(Kraus), 1 
Inhibition. Thermal antioxidants for poly- 
ethylene, 357(C) 
Instruments. Corrosion indicator developed 
for Air Force, 163(C) 
Device measures low radioisotope concen- 
tration, 527(C) 
Direct ultramicrospectrography, 432(C) 
Gravity measurements in the open sea, 166 
(C) 
High precision vernier resolver, 80(C) 
Improved sun compass, 336(C) 
Measurement of deviations -in periodic 
structures, 81(C) 
Microspectrophotometer with ultraviolet 
microscope, 278(C) 
Monochrome-TV ultraviolet-visible micro- 
scope and absorption analyzer, 360(C) 
Timing and recording system for missiles, 
360(C) 
X-ray viewer demonstrated at medical 
meeting, 96(C) 
Internal flow. Heat transfer in turbulent 
pipe flow (Hunziker), 205 
International Geophysical Year. Gravity 
measurements in the open sea, 166(C) 
Rockets probe upper atmosphere for IGY, 
316(C) 
Satellites followed with transparent earth- 
sky globe, 82(C) 
International relations. Visit of European 
scientists and engineers, 56 
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Irradiation. Radioactive waste recovery, 482 


(C) 

Isocline method. A solution of the non-linear 
differential equation of the rotating ma- 
chine oscillator (Rao), 29 


J 


Journal of The Franklin Institute 
Publications received: 75, 160, 275, 354, 
431, 519 


L 


Land mine exploding device, 278(C) 

Laplace expansion. Functional character- 
istics of a node determinant (Bonner, 
Kosowsky and Ordung), 395 

Library of The Franklin Institute 

Recent additions: 53, 259, 339, 409, 494 

Light absorbers. New family of light absorb- 
ers, 78(C) 

Lighting. High-frequency fluorescent street 
lighting, 79(C) 

Linear systems. Unstable linear systems and 
the minimum phase condition (Pfeiffer), 
291 

Liquid metals. Heat transfer in turbulent 
pipe flow (Hunziker), 205 

Longstreth Medal. James Bailey, 52 

Price C. McLemore, 338 


M 


Magnetic oxides. Transparent magnetic ox- 
ides, 144(C) 

Magnetic tape. New tensilized polyester film 
for magnetic tape, 434(C) 

Magnetism. New physical constants from 
dimensional analysis (Gresky), 85 

Mail sorting. Automatic post office, 482(C) 

Manufacturing. New family of light absorb- 
ers, 78(C) 

Novel method of manufacturing high pres- 

sure air ducts, 77(C) 

Mass transfer. Heat transfer in turbulent 
pipe flow (Hunziker), 205 

Mathematics. A survey of the use of non- 
Euclidean geometry in electrical engineer- 
ing (Bolinder), 169 

Matrices. Some aspects of the network anal- 
ysis of sequence transducers (Simon), 439 

McLemore, Price C. Longstreth Medal, 338 

Measurement. Gravity measurements in the 
open sea, 166(C) 

Measurement of deviations in periodic 

structures, 81(C) 
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Mechanics. Modified Tresca’s yield condi- 
tion and associated flow rules for aniso- 
tropic materials and applications (Hu), 
187 

Medical science. Chemical compound aids 
resistance to radiation effects, 524(C) 

Direct ultramicrospectrography, 432(C) 
Electronics probes human heart, 492(C) 
Non-depressant anesthetic, 492 (C) 
X-ray viewer demonstrated at medical 
meeting, 96(C) 
Meetings of The Franklin Institute 
Minutes: December 18, 1957, 49; January 
15, 1958, 145; February 19, 1958, 258; 
March 19, 1958, 337; April 2, 1958, 407; 
April 16, 1958, 408; May 21, 1958, 493 
Members of The Franklin Institute 
Gold Members for 1957 honored, 50 
List of all Silver and Gold members, 264 
New members: 52, 147, 263, 339, 412, 497 
Silver members for 1957, 263 

Memory devices. The twistor—a new mag- 
netic memory concept, 165(C) 

Metallurgy. ‘Icebox’’ used in metallurgical 
studies, 360(C) 

New high temperature alloy, 523(C) 

New process for the electrorefining of nickel, 
433(C) 

Research—foundation of steel’s progress 
today (Austin), 385 

Meteors. Signals bounced from meteor trails, 
76(C) 

Microscopy. Direct 
phy, 432(C) 

Microspectrophotometer with ultraviolet 
microscope, 278(C) 

Monochrome-TV ultraviolet-visible micro- 
scope and absorption analyzer, 360(C) 

Microspectrophotometer with ultraviolet mi- 
croscope, 278(C) 

Military engineering. Corrosion 
developed for Air Force, 163(C) 

Emergency rescue container, 472(C) 
Land mine exploding device, 278(C) 
Lightweight radome fabric, 79(C) 

Miniaturization. Miniaturized pulse trans- 
former line, 436(C) 

Packaged circuits for computer design, 166 
(C) 
“Shirt button” electron tube, 384(C) 

Missiles. Beyond the air age (Medaris), 363 

“Hotshot” tunnel for re-entry problems, 82 
(C) 
Ramjet supersonic “flight tests,” 164(C) 
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indicator 


Suspyect INDEX 


535 


Missiles (cont.) 
Shock test machine for missile components, 
526(C) 
Timing and recording system for missiles, 
360(C) 
Moon. Tracking system for moon radar, 524 
(C) 
Museum Notes 
“From atoms to kilowatts’’ (Coulson), 253 
Pulp and paper making (Coulson), 63 
Research and patents (Coulson), 499 
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Navigation. Improved sun compass, 336(C) 
Network analysis. Functional characteristics 
of a node determinant (Bonner, Kosow- 
sky and Ordung), 395 
Some aspects of the network analysis of 
sequence transducers (Simon), 439 
Unstable linear systems and the minimum 
phase condition (Pfeiffer), 291 

Neutron flux. Nuclear reactor core instru- 
mentation, 435(C) 

Newton, Isaac. Elastic materials under axial 
loading (Procter), 125 

Nickel. New process for the electrorefining 
of nickel, 433(C) 

Nodes. Behavior of the node of an elastic 
beam during stationary vibration (Hi- 
guchi and linuma), 309 

Functional characteristics of a node deter- 
minant (Bonner, Kosowsky and Ordung), 
395 

Non-Euclidean geometry. A survey of the 
use of non-Euclidean geometry in elec- 
trical engineering (Bolinder), 169 

Non-linear differential equations. A solution 
of the non-linear differential equation of 
the rotating machine oscillator (Rao), 29 

Nuclear reactors. Heat transfer in turbulent 
pipe flow (Hunziker), 205 

Nuclear reactor core instrumentation, 435 
(C) 

Nuclear research. New tube for nuclear re- 

search, 361(C) 


Oblate spheroid. Gravitational torque on a 
satellite vehicle (Roberson), 13 

Oceanography. Gravity measurements in 
the open sea, 166(C) 

Optics. New color projection technique, 498 
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Ore refining. New process for the electro- 
refining of nickel, 433(C) 

Oscillation. A solution of the non-linear dif- 

ferential equation of the rotating machine 

oscillator (Rao), 29 
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Packaging. Cellophane wrapper for meats, 

358(C) 
New packaging, 83(C) 
Shock-absorbing plastic foam, 384(C) 

Panel tubing. Color standards for panel 
tubing, 436(C) 

Patrick, Joseph C. Cresson Medal, 494 

Penetration. Normal perforation of a thin 
plate by truncated projectiles (Paul and 
Zaid), 317 

Perforation. Normal perforation of a thin 
plate by truncated projectiles (Paul and 
Zaid), 317 

Periodic structures. Measurement of devia- 
tions in periodic structures, 81(C) 

Phase-modulation. The characteristics of an 
electromagnetic wave reflected from a 
moving object (Cole), 463 

Philadelphia history. The Franklin Institute 
and Central High School in their early 
days (Hepburn), 43 

Photoelasticity. Elastic materials under axial 
loading (Procter), 125 


Photography. Antique cameras wanted, 77 
(C) 

Detection of radioactive contamination, 357 
(C) 


New color projection technique, 498(C) 
Spray glass, 359(C) 

Photons. The nature of the photosensitivity 
of Geiger counters (Albrecht and Mande- 
ville), 473 

Photosensitivity. The nature of the photo- 
sensitivity of Geiger counters (Albrecht 
and Mandeville), 473 

Physical constants. New physical constants 
from dimensional analysis (Gresky), 85 

Pipe. Heat transfer in turbulent pipe flow 
(Hunziker), 205 

Plasticity. Elastic-plastic analysis of scab- 
bing in materials (Kumar and Davids), 
371 

Modified Tresca’s yield condition and as- 
sociated flow rules for anisotropic materi- 

als and applications (Hu), 187 
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Plastics. 

(C) 
Shock-absorbing plastic foam, 384(C) 
Thermal antioxidants for polyethylene, 357 

(C) 

Polygonal action in chain drives (Maha- 
lingam), 23 

Polyurethane. 
384(C) 

Populations. Properties of the exponential 
distribution of exponential populations 
(Copeland and DeLany), 451 

Power sources. Control of fusion through 
electronics, 522(C) 

Pressure vessels. Bursting pressures and 
safety factors for thin-walled vessels 
(Weil), 97 

Probability. Properties of the exponential 
distribution of exponential populations 
(Copeland and DeLany), 451 

Propulsion. Boron rocket fuels, 436(C) 

Protective coatings. Spray glass, 359(C) 
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Quantum mechanics. New physical con- 
stants from dimensional analysis (Gre- 
sky), 85 


New family of light absorbers, 78 


Shock-absorbing plastic foam, 


Radar. Lightweight radome fabric, 79(C) 
Radar calculator, 316(C) 
Radar system for tracking and forecasting 
local weather disturbances, 163(C) 
Radars used to track satellite launching, 
336(C) 
Tracking system for moon radar, 524(C) 
Radiation. Chemical compound aids resist- 
tance to radiation effects, 524(C) 
The nature of the photosensitivity of Geiger 
counters (Albrecht and Mandeville), 473 
Radio. Signals bounced from meteor trails, 
76(C) 
Radio telescopes. Giant radio telescope, 302 
(C) 
Range of radio telescopes extended by new 
amplifier, 83(C) 
Radioactivity. Chemical compound aids re- 
sistance to radiation effects, 524(C) 
Detection of radioactive contamination, 357 
(C) 
Low-cost disposal of radioactive wastes, 359 
(C) 
Radioactive waste recovery, 482(C) 
Safe atoms (McCullough), 281 
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Radioisotopes. Device measures low radio- 
isotope concentration, 527 (C) 
Safe atoms (McCullough), 281 
Radomes. Lightweight radome fabric, 79(C) 
Randall, J. T. Wetherill Medal, 409 
Reactors. Nuclear reactor core instrumenta- 
tion, 435(C) 
Safe atoms (McCullough), 281 
Recording systems. Timing and recording 
system for missiles, 360(C) 
Re-entry. ‘‘Hotshot’’ tunnel for re-entry 
problems, 82(C) 
Rescue. Emergency rescue container, 472 
(C) 
Research. Allis-Chalmers and RCA form 
new engineering group to build stellarator 
for thermonuclear résearch, 277 (C) 
Beyond the air age (Medaris), 363 
Research—foundation of steel’s progress 
today (Austin), 385 
Rockets. Beyond the air age (Medaris), 363 
Boron rocket fuels, 436(C) 
Rockets probe upper atmosphere for IGY, 
316(C) 
Rotating machine oscillator. A solution of 
the non-linear differential equation of the 
rotating machine oscillator (Rao), 29 


Safe atoms (McCullough), 281 
Safety. Detection of radioactive contamina- 
tion, 357(C) 
Electronic vehicle control for traffic acci- 
dent problem, 226(C) 
Land mine exploding device, 278(C) 
Liquid brake system for aircraft, 435(C) 
Low-cost disposal of radioactive wastes, 359 
(C) 
Safety factors. Bursting pressures and safety 
factors for thin-walled vessels (Weil), 97 
Satellites. Beyond the air age (Medaris), 363 
Do-it-yourself satellite pathfinder, 416(C) 
Gravitational torque on a satellite vehicle 
(Roberson), 13 
Radars used to track satellite launching, 
336(C) 
Satellites followed with transparent earth- 
sky globe, 82(C) 
Tracking system for moon radar, 524(C) 
Sayers, J. Wetherill Medal, 409 
Scabbing. Elastic-plastic analysis of scab- 
bing in materials (Kumar and Davids), 
371 
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Scintillation counters. New tube for nuclear 
research, 361(C) 

Semiconductors. New passive semiconductor 
component, 525(C) 

Sequence transducers. Some aspects of the 
network analysis of sequence transducers 
(Simon), 439 

Sernyl. Non-depressant anesthetic, 492(C) 

Ships. Gas-turbine engine for ships, 472(C) 

Shock-absorbing plastic foam, 384(C) 

Shock test machine for missile components, 
526(C) 

Simulated service testing. Ramjet super- 
sonic “flight tests,”’ 164(C) 

Sodium silicate. Low-cost disposal of radio- 
active wastes, 359(C) 

Space vehicles. Beyond theair age (Medaris), 
363 

Spectral lines. On the relativistic doublets of 
spectral lines (Penfield and Zatzkis), 117 

Spray glass, 359(C) 

Sprockets. Polygonal action in chain drives 
(Mahalingam), 23 

Stability. Unstable linear systems and the 
minimum phase condition (Pfeiffer), 291 

Stabilizers. New family of light absorbers, 
78(C) 

Standardization. Color standards for panel 
tubing, 436(C) 

Statistics. Properties of the exponential dis- 
tribution of exponential populations 
(Copeland and DeLany), 451 

Steel. New high temperature alloy, 523(C) 

Research—foundation of steel’s progress 
today (Austin), 385 

Stellarator. Allis-Chalmers and RCA form 
new engineering group to build stellarator 
for thermonuclear research, 277 (C) 

Storage. Corrosion indicator developed for 
Air Force, 163(C) 

Street lighting. High-frequency fluorescent 
street lighting, 79(C) 

Strength of materials. Bursting pressures 
and safety factors for thin-walled vessels 
(Weil), 97 

Elastic-plastic analysis of scabbing in ma- 
terials (Kumar and Davids), 371 

Stress. Bursting pressures and safety factors 

for thin-walled vessels (Weil), 97 
Elastic-plastic analysis of scabbing in ma- 
terials (Kumar and Davids), 371 

Survival equipment. Emergency rescue con- 

tainer, 472(C) 
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Switching. The twistor—a new magnetic 
memory concept, 165(C) 
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Tape recording. New tensilized polyester 
film for magnetic tape, 434(C) 

Telephone television. Experiments in tele- 
vision over telephone cable facilities 
(Kraus), 1 

Telephony. Device reads handwritten nu- 
merals, 168(C) 

Telescopes. Giant radio telescope, 302(C) 
Television. Experiments in television over 
telephone cable facilities (Kraus), 1 
Terminal ballistics. Normal perforation of a 

thin plate by truncated projectiles (Paul 
and Zaid), 317 
Testing. Ground tests of Piasecki 
VTOL, 434(C) 
“Hotshot” tunnel for re-entry problems, 82 
(C) 
Ramjet supersonic “flight tests,’ 164(C) 
Shock test machine for missile components, 
526(C) 
Textiles. Permanent pleats and knife-edge 
creases in wool garments, 80(C) 
Heat-to-electricity 
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Thermionic converter. 
converter, 279(C) 
Thermonuclear power. Control of fusion 
through electronics, 522(C) 
Thermonuclear reactions. Allis-Chalmers 
and RCA form new engineering group to 
build stellarator for thermonuclear re- 
search, 277(C) 
Timoshenko, Stephen P.: Cresson Medal, 338 
Torque. Gravitational torque on a satellite 
vehicle (Roberson), 13 
Tracking. Do-it-yourself satellite pathfinder, 
416(C) 
Radar system for tracking and forecasting 
local weather disturbances, 163(C) 
Radars used to track satellite launching, 
336(C) 
Tracking system for moon radar, 524(C) 
Traffic. Electronic vehicle control for traffic 
accident problem, 226(C) 
Transducers. High precision vernier resolver, 
80(C) 
Some aspects of the network analysis of 
sequence transducers (Simon), 439 
Transformers. Miniaturized pulse 
former line, 436(C) 
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Transistors. Device reads handwritten nu- 
merals, 168(C) 
Packaged circuits for computer design, 166 
(C) 
Shift register transistor, 521(C) 
Subminiature electrolytics, 278(C) 
Transmission. Experimentsin television over 
telephone cable facilities (Kraus), 1 
Signals bounced from meteor trails, 76(C) 
Unstable linear systems and the minimum 
phase condition (Pfeiffer), 291 
Traveling waves. The characteristics of an 
electromagnetic wave reflected from a 
moving object (Cole), 463 
Tubes. New tube for nuclear research, 361 
(C) 
“Shirt button” electron tube, 384(C) 
Turbulent flow. Heat transfer in turbulent 
pipe flow (Hunziker), 205 
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Ultrasonic testing. Elastic materials under 
axial loading (Procter), 125 

Ultraviolet. Microspectrophotometer 
ultraviolet microscope, 278(C) 

The nature of the photosensitivity of Geiger 

counters (Albrecht and Mandeville), 473 

Upper atmosphere. Rockets probe upper 
atmosphere for IGY, 316(C) 


with 


Vv 


Vacuum furnace for electrical conduction 
studies up to 2000° (Danforth and 
Bleecher), 303 

Varistors. New passive semiconductor com- 
ponent, 525(C) 

Vertical take-off. Ground tests of Piasecki 
59K VTOL. 434(C) 

Vessels under internal pressure. Bursting 
pressures and safety factors for thin- 
walled vessels (Weil), 97 

Vibration. Behavior of the node of an elastic 
beam during stationary vibration (Higu- 
chi and Iinuma), 309 

Bending and vibration of elastically re- 
strained circular plates (Kantham), 483 

Polygonal action in chain drives (Maha- 
lingam), 23 


WwW 


Waste disposal. Low-cost disposal of radio- 
active wastes, 359(C) 
Radioactive waste recovery, 482(C) 
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Wave equations. The characteristics of an x 
electromagnetic wave reflected from a 
moving object (Cole), 463 

Weather forecasting. Radar system for 
tracking and forecasting local weather 
disturbances, 163(C) ¥ 

Yield conditions. Modified Tresca’s yield 
condition and associated flow rules for 
anisotropic materials and applications 
(Hu), 187 


X-rays. X-ray viewer demonstrated at medi- 
cal meeting, 96(C) 


J. T. Randall, 409 
J. Sayers, 409 
Wool. Permanent pleats and_ knife-edge 
creases in wool garments, 80(C) 
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